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O fator de crescimento endotelial vascular (VEGF), o principal regulador da 
angiogênese e da permeabilidade vascular, foi recentemente reconhecido como 
neurotrófico, neurogênico e neuroprotetor, sendo, portanto, regulado positivamente em 
muitos processos neuropatológicos. Neste modelo experimental de quebra da barreira 
hematoencefálica (BHE) pelo veneno da aranha Phoneutria nigriventer (PNV), a expressão 
do VEGF e seus receptores tirosina-quinase, Flt-1 e Flk-1 e de seus RNAs mensageiros foi 
investigada no hipocampo e cerebelo de ratos Wistar (Rattus norvegicus) por imuno-
histoquímica (IHQ), western blotting (WB) e reação em cadeia da polimerase em tempo 
real (qPCR). Paralelamente, a integridade da BHE foi avaliada através da expressão das 
proteínas da via paracelular, Ocludina e β-catenina, e da principal proteína da membrana 
basal, a Laminina, que estão presentes no endotélio na interface sangue-cérebro. O estudo 
foi realizado em ratos de 14 dias (neonatos) e de 8-10 semanas (adultos jovens) para avaliar 
diferenças em função da idade na funcionalidade da BHE e na possível mediação dos 
efeitos neurotóxicos do PNV pelo VEGF. A via escolhida para administração de PNV (1,7 
mg/kg em 0,5ml de salina 0,9%) foi intraperitoneal, devido sua administração mais 
favorável nos animais neonatos. Os tempos de 2, 5 e 24 horas após a administração de PNV 
visaram investigar a expressão das proteínas, RNAs mensageiros e uma possível mediação 
pelo VEGF na fase aguda do envenenamento. A administração do PNV provocou sinais 
imediatos de intoxicação nos animais, os quais foram mais severos e imediatos nos 
neonatos do que nos adultos. No hipocampo, os dados do WB mostraram aumento da 
expressão de VEGF, Flt-1 e Flk-1 e respectivos RNAs mensageiros, que foram 
concomitantes com o desenvolvimento de edema perivascular e diminuição da expressão da 
Ocludina, β-catenina e Laminina. Os dados da IHQ mostraram que a imunorreatividade de 
VEGF ocorreu nos corpos dos neurônios piramidais e dendritos nos subcampos CA1, CA2, 
CA3 e giro denteado do hipocampo, em contraste com a marcação nuclear de Flt-1 e Flk-1. 
O PNV aumentou visivelmente a imunomarcação das três proteínas. No cerebelo, os dados 
do WB e IHQ mostraram que o PNV induziu aumento na expressão dos componentes do 
sistema VEGF/Flt-1/Flk-1. Células presentes na camada granular e molecular que não 




envenenados, principalmente as células de Purkinje. Os animais adultos apresentaram 
aumentos mais proeminentes no sistema VEGF/Flt-1/Flk-1 do cerebelo do que os recém-
nascidos; nestes, o PNV induziu diminuição na expressão da Ocludina, β-catenina e 
Laminina, enquanto nos adultos a diminuição ocorreu apenas na Ocludina e β-catenina. O 
veneno da aranha P. nigriventer contem peptídeos neurotóxicos que causam excitabilidade 
na neurotransmissão nervosa por modificarem a fisiologia dos canais de sódio, potássio e 
cálcio. Uma vez que a dinâmica das alterações descritas diferiu entre regiões cerebrais e 
entre animais neonatos e adultos jovens, sugerimos particularidades regionais e de 
funcionalidade, tanto da BHE, como dos neurônios imunorreativos em resposta ao PNV. 
Estes resultados são os primeiros a demonstrar alterações do sistema VEGF/Flt-1/Flk-1 no 
hipocampo e cerebelo que cursam com sinais neuroexcitotóxicos dos animais que foram 







Vascular endothelial growth factor (VEGF), a major regulator of developmental 
angiogenesis and vascular permeability, was recently recognized as neurotrophic, 
neurogenic and neuroprotector, hence being upregulated in many neuropathological 
processes. In this experimental model of blood brain barrier (BBB) breakdown by the 
Phoneutria nigriventer spider venom (PNV), the expression of VEGF and its receptor 
tyrosine kinases, Flt-1 and Flk-1 and their mRNAs was investigated in the hippocampus 
and cerebellum of Wistar rats (Rattus norvegicus) by immunohistochemistry (IHC), 
western blotting (WB) and real time polymerase chain reaction (qPCR). Simultaneously, 
the BBB integrity was assessed through expression of paracellular pathway proteins, β-
catenin and Occludin, and the main basement membrane protein, Laminin, which are 
present in the endothelium blood-brain interface. The study was performed in rats by 14 
days (neonates) and 8-10 weeks (young adults) to assess differences related to age in the 
BBB functionality and the possible mediation of the PNV neurotoxic effects by VEGF. The 
via chosen for PNV administration (1.7 mg/kg in 0.5 ml of 0.9% saline) was 
intraperitoneally, due to more favorable application in neonate animals. The times of 2, 5 
and 24 hours after PNV administration aimed to investigate the expression of proteins, 
mRNAs, and possible mediation by VEGF in acute envenomation. The PNV administration 
provoked immediate signs of intoxication in animals, which were more severe and 
immediate in neonates than in adults. In hippocampus, the WB data showed increased 
expression of VEGF, Flt-1 and Flk-1 and their mRNAs, which were concomitant with the 
development of perivascular edema, and decreased expression of Occludin, β-catenin and 
Laminin. IHC data show that VEGF immunoreactivity occurred in the bodies and dendrites 
of pyramidal neurons in the subfield CA1, CA2, CA3 and dentate gyrus of the 
hippocampus, in contrast with nuclear staining of Flt-1 and Flk-1. The PNV visibly 
increased immunostaining of the three proteins. In cerebellum, the WB data and IHC 
showed that the PNV induced an increase in the expression of VEGF/Flt-1/Flk-1 system 
components. Cells in the granular and molecular layer showed no marking in the control 
animals became positive in animals envenomed, especially Purkinje cells. Adult animals 




neonates; in these animals, the PNV induced decrease in expression of Occludin, β-catenin 
and Laminin, while in adults the decrease occurred only in Occludin and β-catenin. The 
venom of the spider P. nigriventer contains peptides that cause excitability in the nervous 
neurotransmission by modifying the physiology of sodium, potassium and calcium 
channels. Since the dynamics of the changes described differed between brain regions and 
among neonates and young adult animals, we suggest regional specificities and 
functionality of BHE and immunoreactive neurons in response to PNV. These results are 
the first to demonstrate changes in the hippocampus and cerebellum VEGF/Flt-1/Flk-1 






































































1.1 Aranhas – aspectos gerais 
 
 As aranhas pertencem a uma das maiores ordens de aracnídeos (Araneae), sendo 
descritas mais de 42.000 espécies distribuídas em 110 famílias [1]. Habitam praticamente 
todos os climas e continentes, com exceção da Antártica. Seu tamanho pode variar de 0.5 
cm até mais de 20 cm. Todas são carnívoras e alimentam-se principalmente de insetos [2]. 
 É característica exclusiva das aranhas a presença de glândula de veneno associada às 
quelíceras. Essa característica está presente em quase todas as espécies, exceto as espécies 
das famílias Uloboridae e Holoarchaeidae. Todas as demais espécies possuem veneno e 
podem causar acidentes [2]. 
O veneno das aranhas possui uma grande riqueza de peptídeos e proteínas tóxicas 
com uma vasta gama de efeitos farmacológicos sobre canais iônicos, receptores, 
transportadores de neurotransmissores e, consequentemente, na transmissão sináptica [3]. 
Neurotoxinas de baixo peso molecular presentes nestes venenos demonstram grande 
potencial como ferramentas neuroquímicas para investigar o sistema nervoso. Além disso, 
podem constituir novos modelos no campo de triagem de drogas para as indústrias 
farmacêutica e agroquímica [4]. 
No Brasil, existem três gêneros de aranhas com espécies que podem causar um 
envenenamento grave no ser humano: Phoneutria (aranha-armadeira), Loxosceles (aranha-
marrom) e Latrodectus (viúva negra) [5]. Os acidentes causados por Lycosa (aranha-de-
grama), bastante frequentes e pelas caranguejeiras, muito temidas, são destituídos de maior 
importância [6]. 
 
1.1.1 A aranha Phoneutria nigriventer 
 
 A aranha Phoneutria nigriventer é popularmente conhecida como aranha armadeira, 
em razão do fato de, ao assumir comportamento de defesa-ataque, apoiar-se nas pernas 
traseiras, erguer as dianteiras e abrir as quelíceras para picar (Figura 1). Por ser 
frequentemente encontrada em bananeiras ou cachos de bananas, também recebe a 
denominação de aranha-das-bananas [7]. 
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Trata-se de uma aranha restrita à América do Sul. Pode atingir de 3 cm a 4 cm de 
corpo e até 15 cm de envergadura de pernas. Não constrói teia geométrica, sendo um 
animal errante que caça principalmente à noite [2, 5, 6]. 
 
 
Figura 1. Aranha Phoneutria nigriventer. 
Fonte: American Museum of Natural History [1]. 
 
O envenenamento por P. nigriventer é um importante problema de saúde pública, 
uma vez que, dos 20.996 casos registrados em 2008 (incidência de 11,1 acidentes por 
100.000 habitantes), o foneutrismo respondeu por 14,1% dos casos de araneísmo 
notificados no Brasil, predominantemente no estado Sudeste [6, 8]. 
Indivíduos picados pela aranha apresentam manifestações clínicas, cuja gravidade 
permite a classificação do acidente em leve, moderado e grave. Os acidentes leves 
correspondem a 91% dos casos e as manifestações predominantes são as locais, 
observando-se dor e edema. Nos acidentes moderados (7,5%), além das manifestações 
locais são observadas alterações sistêmicas como tremores, paralisia espástica, taquicardia, 
hipertensão arterial, agitação psicomotora e distúrbios visuais [5,6]. 
Os casos graves de envenenamento são raros, aproximadamente 0,5%, sendo 
praticamente restritos às crianças e idosos. No caso das crianças, a gravidade se deve, 
provavelmente, à quantidade de veneno inoculada em relação ao peso corporal e, no caso 
dos idosos, à fragilidade do organismo. Além das alterações citadas nos casos leves e 
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moderados observa-se sudorese profusa, vômitos freqüentes, diarréia, priapismo, hipertonia 
muscular, hipotensão arterial, convulsões, choque e edema pulmonar agudo [8, 9]. Em 
aproximadamente 1% dos casos, os indivíduos podem apresentar-se assintomáticos [6]. 
O tratamento dos acidentes leves é sintomático, com infiltração de um anestésico 
local, sem vasodilatador. Este procedimento, repetido por mais duas ou três vezes, tem sido 
suficiente na maioria dos casos mas, nos casos de dor persistente, indica-se o uso de 
analgésicos sistêmicos mais potentes. Nos casos de manifestações sistêmicas (acidentes 
moderados e graves) e/ou com envolvimento do sistema nervoso central, é aplicada a 
soroterapia específica, que consiste de 5 a 10 ampolas de soro antiaracnídico, por via 
intravenosa ou subcutânea, com objetivo de neutralizar os efeitos do veneno circulante o 
mais rapidamente possível. Na maioria dos casos o prognóstico é bom, estando o paciente 
recuperado em no máximo 24 horas [5, 6, 9]. 
 
1.1.2 Composição e atividade farmacológica do PNV 
 
O veneno bruto de P. nigriventer (PNV) é composto por uma mistura de 
polipeptídios de baixo peso molecular (5000-6000 daltons) e moléculas biologicamente 
ativas, a maioria de ação neurotóxica [10]. 
Um dos principais efeitos neurotóxicos do veneno é a sua ação em canais de sódio 
(Na
+
) voltagem-dependente, podendo induzir repetitivos disparos de potenciais de ação em 
fibras nervosas e musculares [11] e/ou atraso na inativação dos canais de sódio in vivo [12]. 
As primeiras frações tóxicas purificadas do veneno de P. nigriventer descritas foram 
PhTx1, PhTx2 e PhTx3, as quais atuavam sobre canais de sódio neuronais, canais de sódio 
musculares e canais de cálcio (Ca
2+
), além de uma fração não neurotóxica (PhM) com 
atividade de contração em músculo liso. Um quarto grupo PhTx4 com atividade inseto-
tóxica foi descrito posteriormente [13]. 
Diferentes linhas de pesquisa sugerem que algumas frações do veneno interagem 
com canais de sódio [14, 15]. Além disso, foi ainda observado que quando o veneno bruto 
de Phoneutria nigriventer era fracionado, algumas de suas frações produziam paralisia 
flácida em camundongos [16,17], sugerindo o envolvimento dessas toxinas com os canais 
de cálcio [18]. Portanto, o segundo principal efeito farmacológico do veneno de Phoneutria 
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nigriventer é a sua ação sobre os diferentes subtipos de canais de Ca
2+
. Trabalhos 
publicados descrevem a ação de algumas toxinas de P. nigriventer na inibição das correntes 
de Ca
2+ 
[19, 20] ou no bloqueio do influxo deste íon em terminais nervosos [21, 22, 23]. 




, há relato do efeito de uma outra toxina do 
veneno de P. nigriventer nas correntes de potássio [24]. 
Além da participação em canais iônicos neuronais, os mais de 100 diferentes 
polipeptídios presentes na composição deste veneno também afetam receptores de 
glutamato (NMDA) [25] e a liberação deste neurotransmissor [18, 26]. 
Em terminações nervosas autônomas de aurículas de porquinhos da Índia, foi 
observada a liberação de acetilcolina e norepinefrina [27]. Em ratos produziu a contração 
do músculo liso de vasos [28, 29, 30], o relaxamento do corpo cavernoso [31], uma 
resposta bifásica de pressão arterial sanguínea no sistema cardiovascular, caracterizada por 
hipotensão de curta duração, seguida por hipertensão prolongada e sustentada [32]. Em 
coelhos o veneno de Phoneutria nigriventer também produzia resposta hipertensora 
prolongada, sugerindo alterações hemodinâmicas de origem periférica e central [33]. 
A ação do veneno e de suas toxinas nos canais iônicos, receptores e células têm sido 
investigadas no sistema nervoso periférico (SNP), entretanto algumas das manifestações 
clínicas da intoxicação pelo PNV e suas frações apontam o envolvimento do sistema 
nervoso central (SNC).  
No SNC, particularmente na região do hipocampo e cerebelo, a injeção sistêmica de 
PNV em ratos adultos provoca alterações na permeabilidade da barreira hematoencefálica 
(BHE) [34] através do aumento de transporte transcelular dependente de microtúbulos [35] 
e de alterações nos níveis de proteínas da via paracelular [36, 37]. Esta alteração é 
transitória sendo gradualmente restabelecida. No entanto, todos os eventos celulares que 
cursam com as alterações da permeabilidade na interface sangue-cérebro e como a 
reparação ocorre não foram determinados ainda [38]. 
 
1.2 Barreira Hematoencefálica (BHE)  
 




A barreira hematoencefálica é uma estrutura tanto física quanto molecular, 
localizada na interface entre o sangue e o cérebro, destinada a manter a homeostasia do 
SNC através da proteção do tecido neural contra toxinas e variações na composição do 
sangue, além de suprir o cérebro com nutrientes essenciais e controlar o efluxo de produtos 
indesejáveis [39]. 
A BHE está presente em todas as regiões cerebrais, exceto nos órgãos 
circumventriculares, incluindo área postrema, eminência mediana, neurohipófise, glândula 
pineal, órgão subfornical e lâmina terminalis. Os vasos sanguíneos dessas áreas do cérebro 
contêm fenestrações que permitem a passagem bidirecional de substâncias entre sangue-
cérebro sem passar pelo citoplasma das células endoteliais. Essas áreas, com barreira 
semipermeável regulam o sistema nervoso autônomo e as glândulas endócrinas [40]. 
Diferentemente, vasos com endotélio contínuo, não fenestrado, constituem as regiões 
cerebrais onde há BHE. 
 
1.2.2 Composição da BHE 
 
O principal componente que constitui a barreira física da BHE é o endotélio dos 
microvasos cerebrais, o que apresenta alta resistência elétrica e contato interendotelial 
fortemente vedado. Substâncias lipofílicas conseguem atravessar o endotélio vascular 
cerebral, mas não substâncias hidrofílicas. Além do endotélio fazem parte da barreira física 
os neurônios e células não neuronais como as células da glia (astrócitos e micróglia) e os 
pericitos vasculares (Figura 2). Estas estruturas coletivamente constituem uma unidade 





Figura 2. Constituintes celulares da barreira hematoencefálica. Esquema modificado de 




 Os neurônios são as unidades funcionais do sistema nervoso sendo responsáveis 
pela recepção, transmissão e processamento de estímulos. Tanto as células endoteliais 
como os astrócitos e os pericitos estão em estreita ligação com as ramificações dos 
neurônios, o que permite que os mediadores neuronais liberados exerçam uma ação sobre a 
microvasculatura encefálica. Supõe-se que os neurônios regulem a morfologia dos 
astrócitos (diferenciação e proliferação), enquanto os astrócitos, direta ou indiretamente 
contribuem para a manutenção da BHE [42]. 
 Uma forma de detectar os neurônios e diferenciá-los das demais células do 
sistema nervoso é utilizar o anticorpo monoclonal Neuronal Nuclei (Anti-NeuN). Esta 
proteína apresenta distribuição restrita a núcleos de neurônios, pericários e porções 






Os astrócitos são células gliais com formato estrelado, constituindo o tipo glial 
predominante no SNC [44]. Caracterizam-se por possuírem inúmeros prolongamentos e 
podem ser divididos em três categorias, de acordo com a morfologia de seus 
prolongamentos citoplasmáticos e localização no SNC: astrócitos protoplasmáticos 
(localizados na substância cinzenta), astrócitos fibrosos e radiais (ambos presentes na 
substância branca) [45]. 
Os astrócitos situam-se entre os neurônios, os pericitos e os capilares da BHE e se 
comunicam com estas células através dos seus numerosos prolongamentos que envolvem 
mais de 99% do endotélio da BHE [46].  
Até o século passado, acreditava-se que os astrócitos fossem elementos inexcitáveis 
que desempenhavam apenas um papel passivo no sistema nervoso, sendo relacionados ao 
suporte metabólico dos neurônios, como estruturas de orientação durante o 
desenvolvimento do cérebro e como reguladores da homeostasia iônica. Anos após, a 
opinião sobre as funções astrocitárias mudou e, atualmente, estudos demonstram que os 
astrócitos exercem uma comunicação bidirecional no SNC, recebendo sinais de neurônios 
vizinhos e respondendo a eles com a liberação de substâncias neuroativas [41]. Este 
elevado grau de comunicação intercelular levou à proposta de que os astrócitos organizam-
se em redes que podem ser submetidas à remodelação e a alguma plasticidade. A extensão e 
a forma da rede astrocitária, por sua vez, são regulados pelos neurônios [47]. 
Evidências sugerem que os astrócitos desempenham ainda uma ampla cadeia de 
funções no sistema nervoso, incluindo o controle da microcirculação local, mais 
especificamente na mediação da vasodilatação como resposta a um aumento da atividade 
neuronal [48]. Desta forma, a liberação de glutamato pelos neurônios atua ao nível dos 
receptores na membrana astroglial, desencadeando um aumento de Ca
2+
 intracelular, que, 
por sua vez causa a liberação de produtos metabólicos da ciclooxigenase-1 resultando na 
vasodilatação dos capilares [49]. Os astrócitos são, assim, capazes de adaptar a atividade 
sináptica ao fluxo sanguíneo local e possivelmente à permeabilidade da BHE [50]. 
Outras funções dos astrócitos incluem a modulação da função neuronal através da 
liberação de fatores neurotróficos que participam do desenvolvimento neural [51], como 
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substrato para a migração neuronal e crescimento axonal [52] e produção de laminina [53]. 
Apesar do papel dos astrócitos na indução e manutenção da BHE estar bem documentado, o 
mecanismo molecular que permite esta ação permanece desconhecido.  
 
Micróglia e pericitos  
 
A micróglia tem origem na medula óssea e migra com as células endoteliais para o 
SNC correspondendo a cerca de 12% das células cerebrais. Elas predominam na substância 
cinzenta, com maior concentração no hipocampo, telencéfalo olfatório, gânglio basal, 
substância negra [54] e espaço perivascular, o que indica que a interação entre a microglia e 
as células endoteliais pode contribuir para as propriedades da BHE [55].  
As células microgliais ativadas participam do desenvolvimento cerebral através da 
remoção de células neurais em apoptose, eliminando debris tóxicos e aumentando a 
sobrevivência neuronal através da liberação de fatores tróficos e anti-inflamatórios. 
Entretanto, elas podem tornar-se hiperativadas e apresentar efeitos neurotóxicos pela 
produção excessiva de substâncias citotóxicas, tais como superóxido, o óxido nítrico e o 
TNF-α [54]. 
Os pericitos são células presentes na parede vascular, envoltos por uma membrana 
basal própria, a qual por sua vez pode fundir-se com a lâmina basal do endotélio vascular 
[56]. Após a ocorrência de danos no tecido, os pericitos se diferenciam para formar novos 
vasos sanguíneos e novas células do tecido conjuntivo, exercendo deste modo um papel 
chave na angiogênese, integridade estrutural e diferenciação de vasos [57]. 
Pouco se tem explorado o papel dos pericitos na BHE. Os pericitos possuem 
proteínas contráteis propiciando a essas células contrair o diâmetro dos capilares cerebrais, 
dessa forma regulando o fluxo sanguíneo [58]. Essas células parecem induzir ou ter papel 
na manutenção do fenótipo da BHE apresentado pelas células endoteliais da 
microcirculação cerebral, à maneira como migram os astrócitos [59]. Entretanto, os 
pericitos parecem migrar separando-se das células endoteliais em situações de hipóxia e 
trauma [60]. 
 




Para alcançar a função de barreira seletiva, a fenda interendotelial da 
microvasculatura cerebral é caracterizada pela presença de um complexo juncional que 
inclui junções de adesão [61], junções de oclusão [62] e possivelmente junções 
comunicantes (gap) [63]. As junções de adesão apresentam como seus principais 
componentes a caderina e as cateninas (α, β, γ) enquanto que as junções de oclusão são 
constituídas por três proteínas integrais de membrana, denominadas claudina, ocludina e 
moléculas de adesão juncional (JAM) e um número de proteínas acessórias citoplasmáticas, 
incluindo ZO-1, ZO-2, ZO-3, cingulina e outras. Essas proteínas acessórias conectam as 
proteínas de membrana à actina, que é uma proteína do citoesqueleto, e colaboram para a 
manutenção da integridade estrutural e funcional do endotélio (Figura 3) [40]. 
 
 
Figura 3. Composição molecular das junções de oclusão e adesão da BHE. Esquema 
modificado de Abbott et al., 2006 [39]. 
 
 
Além da estrutura física e seletiva, a BHE é também formada por vários sistemas 
seletivos de transportadores e receptores expressos na membrana das células endoteliais. As 
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proteínas transportadoras de influxo asseguram a entrada de nutrientes, tais como 
aminoácidos, nucleosídeos e glicose [64].  Por outro lado, até mesmo fármacos não são 
capazes de transpor a barreira representada pelo endotélio dos microvasos cerebrais devido 
à existência de um sistema de proteínas de efluxo. As proteínas transportadoras de efluxo 
previnem o acúmulo de componentes potencialmente tóxicos por ativação do bombeamento 
desses componentes prejudiciais do cérebro para a circulação periférica (Figura 4). A 
glicoproteína P (Pgp) é a principal proteína transportadora de efluxo expressa pelas células 




Figura 4. Transportadores de influxo e efluxo na barreira hematoencefálica. Esquema 
modificado de Zlokovic, 2008 [42]. 
 
Pesquisas em BHE têm focado na compreensão dos mecanismos moleculares que 
determinam a entrada de xenobióticos no SNC. Em particular, estes estudos têm 
demonstrado como a BHE responde dinamicamente a estressores fisiopatológicos e são 
úteis para identificar novos alvos que podem ser explorados para otimização do acesso de 
fármacos ao cérebro. 
 




A via paracelular é controlada pelas junções de oclusão (JO) ou tight junction e 
junções de adesão (JA) ou zonula adherens. As JOs localizam-se na porção apical do 
complexo juncional, uma região da membrana plasmática rica em colesterol e associada à 
caveolas, e formam um anel contínuo ou zônula ao redor das células epiteliais [40]. 
 As JOs são responsáveis por restringir a difusão de água e solutos polares através da 
fenda intercelular e macromoléculas nas membranas basais e apicais [66]. As JAs 
constituem um dispositivo eficaz de adesão intercelular e estão envolvidas na regulação da 
permeabilidade das JOs. Elas formam uma cinta contínua (cinta de adesão), que serve para 
manter as células vizinhas em conjunto, daí a importância da JAs na manutenção do 
complexo juncional [67]. 
Devido à complexidade estrutural das junções intercelulares, que limitam a 
passagem de substâncias pela via paracelular, o transporte através da BHE ocorre 
preferencialmente através da via transcelular. 
A via transcelular é uma rota altamente seletiva na qual os transportadores de 
membrana podem agir no influxo ou no efluxo de substâncias, sendo que alguns trabalham 
bidirecionalmente. Pequenas moléculas lipofílicas, como o O2, o CO2 e o etanol, difundem-
se através da bicamada lipídica e entram no SNC passivamente [39]. 
Em geral, o transporte bidirecional através da BHE pode ser classificado em: 
transporte mediado por carreadores (proteínas), endocitose mediada por receptor e 
endocitose adsortiva (Figura 5). 
As células endoteliais que constituem a BHE expressam carreadores para uma vasta 
gama de solutos e nutrientes, mediando o influxo e efluxo destes elementos para o cérebro; 
como exemplos podemos citar o sistema A que transporta aminoácidos e o sistema GLUT 
que transporta glicose (Figura 4).Alguns desses carreadores localizam-se somente na 
membrana luminal ou abluminal, enquanto outros estão inseridos em ambas as membranas 
[64]. 
O processo de endocitose na BHE apresenta uma taxa reduzida, mas possui papel 
essencial na transferência de peptídeos e proteínas para o cérebro. Este processo envolve a 
invaginação da membrana plasmática e formação de vesículas, com consequente 
internalização de micro e macromoléculas [39]. 
Dois mecanismos de endocitose são descritos na BHE: 
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- Endocitose mediada por receptor: caracterizada pela interação entre um ligante disponível 
na circulação (como a insulina, vasopressina, interleucinas, a transferrina ligada ao íon 
ferro e lipoproteínas) e um receptor específico na superfície celular. A interação receptor-
ligante aciona a internalização do complexo [68]. 
- Endocitose adsortiva: processo pelo qual uma classe especial de moléculas é 
internalizada, como por exemplo as chamadas lectinas e moléculas carregadas 
positivamente ou catiônicas. Estas moléculas ligam-se seletivamente aos resíduos de 





Figura 5. Vias de acesso à BHE. Esquema modificado de Abbott et al., 2006 [39]. 
 
1.2.5 Ação do PNV sobre a BHE  
 
Como citado anteriormente, foi demonstrado em nosso laboratório que o veneno da 
aranha Phoneutria nigriventer provoca abertura da BHE no hipocampo e cerebelo de ratos 
Wistar adultos, quando injetado intravenosamente (pela veia da cauda). Através de métodos 
ultra estruturais utilizando o traçador extracelular nitrato de lantânio, foi demonstrado um 
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aumento significativo da permeabilidade dos vasos sanguíneos hipocampais, desde 18 
horas até 9 dias após a inoculação da solução de veneno. Essa abertura parece ser transitória 
e os tipos de vasos da microcirculação afetados variam no tempo [34]. 
No ano seguinte, os autores revelaram que a quebra da BHE ocorria através da 
alteração do transporte intravesicular microtúbulo-dependente (rota transcelular) dos vasos 
hipocampais, permanecendo a rota paracelular aparentemente não afetada nesses períodos 
de observação [35]. 
No entanto, por ser esta rota a mais frequentemente alterada em condições de 
modulação da BHE, e pelo fato de, em tempos mais precoces, quando da utilização de 
traçador extracelular, este ter sido visto impregnando o local onde se localizam as tight 
junctions, foi cogitado que essa via poderia ter sido transitoriamente aberta. Nesse caso, 
poderia ocorrer alteração na estrutura das junções de oclusão e/ou adesão, as quais seriam 
anteriormente restauradas e, só então, haveria modificação da via transcelular, ou seja, as 
quebras das rotas trans- e para-celular seriam temporalmente diferentes. Desse modo, a 
alteração das junções (JOs e JAs) seriam coincidentes com os sinais clínicos do 
envenenamento que são agudos e se resolvem em torno de 12 horas. 
Estudos posteriores constataram alterações na expressão das proteínas juncionais 
que se dedicam à prevenção do transporte paracelular, da laminina (membrana basal da 
BHE) e da glicoproteína P (proteína de efluxo) [36, 37]. Além disso, no parênquima 
cerebral circunjacente aos vasos afetados, foi observado edema vasogênico, caracterizado 
pelo intumescimento dos prolongamentos astrócitários, além do aumento na expressão da 
proteína acídica fibrilar glial (GFAP) astrocitária perivascular [36]. 
 No entanto, todos os mecanismos envolvidos nesta quebra da BHE ainda não estão 
esclarecidos, bem como quais os constituintes da BHE e as vias de transporte afetadas pelo 
veneno. 
 
1.3 Fator de crescimento endotelial vascular (VEGF)  
 
O VEGF foi inicialmente descrito em 1983 por um grupo de 
pesquisadores liderados por Donald Senger e Harold Dvorak, que identificaram uma 
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proteína capaz de induzir a permeabilidade vascular, a qual foi nomeada fator vascular de 
permeabilidade (VPF) [69]. 
Em 1989, Ferrara e sua equipe informaram o isolamento e sequenciamento de uma 
proteína mitogênica específica para células endoteliais que denominaram fator de 
crescimento endotelial vascular (VEGF) [70]. Estudos subsequentes descreveram a 
sequência completa de DNA complementar do gene que codificava o VEGF e o VPF 
tornando-se aparente que tratava-se da mesma molécula [71]. Sendo assim, no final da 
década de 80 a molécula foi nomeada VEGF.  
O VEGF-A, ou apenas VEGF, pertence a um grupo de glicoproteínas diméricas de 
aproximadamente 45 KDa da qual fazem parte o VEGF-B, VEGF-C, VEGF-D e o fator de 
crescimento placentário (PIGF) [72]. Excelentes revisões sobre as propriedades 
moleculares da família VEGF e seus receptores foram publicadas anteriormente [73, 74, 75, 
76].  
O VEGF é o membro melhor caracterizado e seu gene codificante está no braço 
curto do cromossomo 6 (6p21.3), constituído por 8 exons separados por 7 introns. Splicings 
alternativos do gene de VEGF resultam na geração das quatro principais isoformas 
diferentes que são nomeadas de acordo com o número de aminoácidos presentes depois da 
sequência de quebra (VEGF121, VEGF165, VEGF189 e VEGF206). A isoforma predominante 
é a que contém 165 aminoácido (VEGF165), que perde os resíduos codificados pelo exon 6 
[77] (Figura 6). 
A expressão do gene de VEGF é estimulada por fatores de crescimento como fator 
de crescimento derivado de plaquetas, fator de crescimento fibroblástico, fator de 
crescimento epitelial, fator de necrose tumoral; interleucinas e hipóxia via fator induzível 





Figura 6. Splicing alternativos do gene de VEGF. Esquema adaptado de Ruiz de 
Almodovar et al., 2009 [72]. 
 
A constatação de que o VEGF é potente, difusível e específico para células 
endoteliais vasculares conduziram à hipótese de que esta molécula poderia ter um papel na 
regulação do crescimento fisiológico e patológico dos vasos sanguíneos [70]. Atualmente 
sua capacidade de induzir a proliferação, germinação, migração e formação do tubo de 
células endoteliais já encontra-se bem elucidada [78]. 
Ao induzir a angiogênese, o VEGF também induz um aumento de permeabilidade 
vascular do endotélio através da formação de fendas intercelulares, de vacúolos e 
fenestrações e de organelas vesíco-vacuolares [79]. Esse aumento de permeabilidade 
vascular causada pelo VEGF é visto em estados de angiogênese tanto fisiológicos como 
patológicos, porém é mais evidente durante estados patológicos, como por exemplo, 
estados inflamatórios [79]; o efeito de permeabilidade vascular também é devido à 
produção de prostaciclina (PGI2) estimulada na presença de VEGF [80]. O VEGF promove 
vasodilatação em casos de hipotensão através da indução da enzima óxido nítrico sintetase 
endotelial (eNOS) com subsequente aumento na produção de óxido nítrico (NO) [81].  
Além das células endoteliais, que são os principais locais de ação do VEGF, ele 
também se liga a receptores localizados nas células-tronco hematopoiéticas, monócitos, 
osteoblastos, neurônios [78], astrócitos, micróglia e células de Schwann [82]. 
 O papel do VEGF-B, outro homólogo, permanece mais enigmático. No entanto, 
como ele é altamente expresso no músculo esquelético, miocárdio e gordura marrom, 
acredita-se que a sua função esteja relacionada ao metabolismo de alta energia celular. O 
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VEGF-B também se mostra importante na regeneração de vasos colaterais da coronária 
através da arteriogênese e na angiogênese inflamatória [83, 84]. 
O VEGF-C e VEGF-D exercem função fundamental no desenvolvimento de novos 
vasos linfáticos (linfagiogênese). Durante o desenvolvimento, o VEGF-C encontra-se 
predominantemente nas células endoteliais das regiões onde os vasos linfáticos se 
desenvolvem. Após esta fase sua expressão diminui na maioria dos tecidos, permanecendo 
elevada apenas nas células endoteliais dos nódulos linfáticos [85, 86]. 
O VEGF-C induz linfagiogênese, mitogênese, migração e sobrevivência das células 
endoteliais [87, 88]. O VEGF-D, assim como o VEGF-C, é mitogênico para células 
endoteliais e, in vivo, além da linfagiogênese também induz a angiogênese [78]. O VEGF-D 
está presente na maioria dos tecidos, porém mais abundantemente no pulmão e na pele 
durante a embriogênese [89].  
O PIGF é expresso principalmente na placenta, coração e pulmão. O papel do PIGF, 
assim como do VEGF-B em biologia vascular ainda não é totalmente conhecido, porém, 
sabe-se que o PIGF pode mediar a arteriogênese [78]. In vitro, exerce somente um fraco 
efeito mitótico sobre as células endoteliais, e não induz significantemente o aumento da 
permeabilidade vascular. In vivo, a exposição prolongada ao PIGF promove angiogênese, 
permeabilidade vascular e pode potencializar o crescimento vascular induzido pelo VEGF 
[90].  
 
1.3.1 Receptores de VEGF  
 
Os efeitos biológicos dos VEGFs são exercidos via interação com receptores 
específicos com atividade tirosina-quinase localizados nas membranas das células 
endoteliais e monócitos. Três receptores que ligam diferentes VEGFs foram identificados: 
VEGFR-1 ou Flt-1 [90], VEGFR-2 ou Flk-1 [91] e VEGFR-3 ou Flt-4 [72].  
O Flt-1 é expresso em uma ampla gama de células: células endoteliais, osteoblastos, 
monócitos/macrófagos, pericitos, trofoblastos placentários, células mesangiais renais, 
células dendríticas, algumas células progenitoras hematopoiéticas, células tumorais [77] e 
diversos tipos de neurônios em desenvolvimento e adultos [93]. 
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Apesar de ser o primeiro receptor tirosina-quinase identificado para VEGF seu 
papel biológico permanece enigmático. Até o momento, o Flt-1 tem sido relacionado à 
migração de monócitos durante a inflamação; angiogênese em condições patológicas e 
regulação negativa de Flk-1 através da ligação com VEGF [94]. 
Flt-1 apresenta uma baixa atividade tirosina-quinase e parece não ser necessário 
para a sinalização da função das células endoteliais. A comprovação deste fato deve-se a 
constatação de que animais knock-outs (Flt-1 
-/-
) morrem no 9
o
 dia da fase embrionária 
devido ao aumento do número de células endoteliais e a formação desorganizada do lúmen 
dos vasos [95]. Por outro lado, a eliminação de apenas um domínio tirosina-quinase (Flt-1 
-
/+
) é compatível com o desenvolvimento [96]. 
O Flk-1 é expresso principalmente em células endoteliais, mas também é expresso 
em células neuronais, osteoblastos, células do ducto pancreático, células progenitoras 
retinais, megacariócitos e células-tronco hematopoiéticas [78]. É o principal medidor dos 
efeitos do VEGF na angiogênese tanto fisiológica quanto patológica sendo responsável pela 
diferenciação, proliferação, migração e sobrevivência das células endoteliais, além de 
contribuir para indução da permeabilidade vascular [97]. Assim como o Flt-1 os animais 
knockout para Flk-1 (Flk-1 
-/-
) também morrem na fase embrionária devido ao 
desenvolvimento deficiente das células endoteliais [98].  
O Flt-4 está presente em todo o endotélio durante o desenvolvimento, mas no adulto 
ele se torna restrito à células endoteliais linfáticas e algumas células da vasculatura 
sanguínea fenestrada [78]. É o receptor responsável pela função linfoendotelial [93]. 
Os receptores de VEGF são formados por um componente extracelular contendo 7 
domínios do tipo imunoglobulina (exceto o VEGFR-3 que contém apenas 6), uma região 
transmembrana, uma região justa-membrana ligada a um domínio tirosina-quinase e uma 
região carbóxi-terminal [73].  Após a ligação do VEGF, a transdução de sinais dos 
receptores do tipo tirosina-quinase apresentam várias etapas bioquímicas: (1) interação do 
ligante com receptor; (2) dimerização do receptor; (3) ativação da porção tirosina-quinase; 
(4) auto-fosforilação do receptor; (5) ligação e ativação de proteínas adaptadoras aos sítios 
de auto-fosforilação [99]. 
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Apesar dos VEGFRs possuírem alta similaridade nas sequências de aminoácidos, 
eles tem significativas diferenças de afinidade por VEGFs e proteínas quinases sem 
receptor (Figura 7). 
 
 
Figura 7. Membros da família VEGF e seus receptores. Esquema modificado de Ruiz de 
Almodovar et al., 2009 [72]. 
 
1.3.2 Papel do VEGF e seus receptores no SNC 
 
O papel do VEGF na angiogênese tem sido extensivamente estudado, no entanto, a 
descrição de seu papel em funções não vasculares no sistema nervoso é recente.  
O VEGF tem desempenhado vários papéis tanto em condições fisiológicas quanto 
patológicas no cérebro. Dentre eles destaca-se a neurogênese [100]; proliferação, 
diferenciação [101, 102] e sobrevivência neuronal [103, 104]; crescimento axonal [82]; 
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proteção dos neurônios hipocampais após a hipóxia [105], excitotoxicidade provocada pelo 




Figura 8. Efeitos pleitrópicos do VEGF no sistema nervoso central. Esquema modificado 




Neurogênese é o processo de formação de novos neurônios. Inicialmente, 
acreditava-se que este processo restringia-se ao período pré e pós-natal imediato, no entanto 
após séculos de estudo houve a comprovação da neurogênese em duas áreas do cérebro de 
mamíferos adultos (roedores, macacos e humanos): a zona subventricular (SVZ) dos 
ventrículos laterais,
 
que fornece ao bulbo olfatório novos neurônios que estão destinados a 
se tornar interneurônios; e a zona subgranular (SGZ) do giro denteado, que fornece ao 
hipocampo novos neurônios que irão participar na formação da memória [108]. 
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O processo de neurogênese adulta compreende a proliferação de células-tronco e 
progenitoras neurais residentes e sua subsequente migração, diferenciação em neurônios 
maduros e integração funcional na rede neuronal preexistente [99]. 
 Nos últimos anos, tem sido demonstrado que o processo de neurogênese no SNC do 
adulto sofre forte influência de uma grande variedade de estímulos dentre eles encontra-se 
o VEGF. 
  Vários estudos demonstram que a expressão do VEGF é regulada positivamente em 
regiões do SNC que apresentam neurogênese após transplantes de medula óssea derivados 
de células estaminais mesenquimais [109], após o exercício [110], após lesão cerebral 
traumática [111] ou em resposta a um enriquecimento ambiental [112]. 
Outros estudos demonstraram que a manipulação da expressão do VEGF altera o 
nível da neurogênese em condições experimentais. Por exemplo, a administração de VEGF 
exógeno no cérebro aumenta a neurogênese em ratos adultos, ao passo que a inibição de sua 
expressão por siRNA perturba a neurogênese, a aprendizagem e a formação da memória em 
animais saudáveis  [101, 112] e em roedores com lesões cerebrais traumáticas [113] ou 
isquêmicas [114]. 
Ainda que os estudos acima tenham comprovado a participação do VEGF na 
neurogênese, os pesquisadores ainda não conseguiram confirmar se o VEGF age 
diretamente sobre os neurônios que expressam os receptores de VEGF ou se provocam a 
neurogênese indiretamente através da estimulação da angiogênse pró-neurogênica [76]. 
 
Migração, diferenciação e sobrevivência neuronal  
 
Dois estudos independentes mostraram que o VEGF regula diretamente a migração 
e diferenciação dos neurônios, independentemente do seu papel na neurogênese ou 
crescimento de vasos sanguíneos [115, 116].  
Outro estudo mais recente mostrou que alterações nos níveis do VEGF ou de suas 
isoformas regulam a migração neuronal de neurónios granulares do cerebelo de ratos via 
Flk-1 [117]. Via Flt-1 o VEGF é responsável por aumentar a proliferação astroglial [118] e 
de micróglias [119]. 
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Em relação à sobrevivência neuronal, o VEGF tem se destacado como um potente 
fator de sobrevivência para muitas populações neuronais in vitro. Por exemplo, ele é capaz 




Os efeitos neurotróficos e neuroprotetores do VEGF foram relatados em vários 
estudos in vitro e in vivo, sugerindo a possibilidade de que esta proteína proporciona 
neuroproteção, agindo diretamente sobre os receptores neuronais [72, 122, 123, 124]. 
Entre as evidências que comprovam este fato destaca-se a capacidade do VEGF de 
inibir a morte de neurônios hipocampais provocada pela toxicidade do glutamato [106] e N-
metil-D-aspartato [105] e que a deleção do elemento de resposta a hipóxia que ativa o 
VEGF provoca a degeneração dos neurônios motores em ratos [125]. Ele apresenta seus 
efeitos neuroprotetores em muitos tipos de células neuronais no sistema nervoso central 
(cortical, do hipocampo, dopaminérgico, cerebelar, e os neurônios da retina) e sistema 
nervoso periférico (neurônios simpáticos) [72]. 
O receptor responsável por mediar predominantemente esta neuroproteção é o Flk-1 
embora o Flt-1 também possa transmitir alguns destes efeitos [72].  
Observando detalhadamente os processos celulares e moleculares que envolvem o 
envenenamento pela aranha Phoneutria nigriventer nossa hipótese experimental é que o 
aumento de glutamato e a perda da homeostase de oxigênio provocadas pelo PNV resultem 
em alterações na expressão do VEGF mediado por seus receptores visando a neuroproteção 












































































































O objetivo deste estudo foi investigar a participação do VEGF e de seus receptores 
em um modelo experimental de quebra da barreira hematoencefálica (BHE) causado pelo 
veneno da aranha Phoneutria nigriventer (PNV). 
Especificamente, foi nosso intuito: 
• Analisar a expressão do VEGF e seus receptores tirosina-quinase, Flt-1 e Flk-1 e de seus 
RNAs mensageiros no hipocampo e cerebelo de ratos Wistar de 14 dias (neonatos) e de 8-
10 semanas (adultos jovens) para avaliar diferenças em função da idade na funcionalidade 
da BHE e na possível mediação dos efeitos neurotóxicos do PNV pelo VEGF. 
• Verificar se a integridade da BHE foi afetada neste modelo de envenenamento e nas 
idades analisadas através da análise da Ocludina (Junção de oclusão), β-catenina (Junção de 

























































































































Esta dissertação está baseada na informação CCPG/001/98 UNICAMP que 
regulamenta o formato alternativo para a dissertação de mestrado e permite a inserção de 
artigos científicos de autoria ou co-autoria do candidato. 
Desta forma, esta dissertação é composta de três artigos, os quais foram publicados 
e submetidos para publicação, conforme descrito abaixo: 
Capítulo I - Upregulation of the vascular endothelial growth factor, Flt-1, in rat 
hippocampal neurons after envenoming by Phoneutria nigriventer; age-related modulation. 
Publicado na Toxicon. 
Capítulo II - Potential role of VEGF and its receptors Flk-1 and Flt-1 in neuropathogenesis 
and blood-brain barrier (BBB) following spider venom exposure.  
Capítulo III - Phoneutria nigriventer venom alters BBB proteins and VEGF/Flt-1/Flk-1 
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a b s t r a c t
This study characterizes the distribution and quantifies the expression of the tyrosine
kinase receptor for the vascular endothelial growth factor (VEGF), Flt-1, in the rat hippo-
campus following intra-peritoneal injection of Phoneutria nigriventer venom (PNV). Post-
natal day 14 (P14) and 8–10 weeks (adult) old rats were used and analyses were done
at 1, 2, 5 and 24 h after venom exposure and compared with saline-injected counterparts.
PNV-injected animals showed hippocampal venules with perivascular edema indicating
blood–brain barrier (BBB) dysfunction. This was accompanied by significant over-
expression of Flt-1 which though was not the same for CA1, CA2, CA3 and dentate gyrus
(DG) hippocampal regions, neither for P14 and adult rats. Regional analysis using GIMP
methodology showed that Flt-1 was constitutively distributed more densely in neurons of
DG, followed by CA1/CA2 and CA3 of both control P14 and adult animals, without variation
over time, but significantly more expressed in P14 than in adults. A time-course analysis
showed that Flt-1 upregulation was progressive and that neurons VEGFR1/Flt-1þ of PNV-
exposed animals are timely and regionally modulated depending on the hippocampal
region, being CA2 the least responsive region regardless animal’s age, whilst DG was the
most susceptible with adult animals having higher upregulation than neonates. Since VEGF
has been reported to confer protection in several pathological processes we suggest that
VEGF may be involved in hippocampal neurons response via Flt-1 mediation following
PNV envenoming; its higher upregulation in adult envenomed rats may be an indication
that Flt-1 neuroprotective mediation is more efficient with age. The Flt-1 upregulation and
the incidence of perivascular edema in young animals may indicate a pro-inflammatory
role of the receptor.
 2012 Elsevier Ltd. All rights reserved.
1. Introduction
Phoneutria nigriventer, popularly known as armed
spider, causes most of the human accidents by venomous
spiders in Southeast of Brazil. The venom of this spider is
a cocktail of toxins, having peptides, free amino acids,
histamine and serotonin. Most of the toxins that have been
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purified from this venom act on ion channels (for review
see Gomez et al., 2002), including voltage gated sodium
(Naþ), calcium (Ca2þ) and potassium (Kþ) channels.
Clinically, P. nigriventer accidents graded as severe (less
than 1%) may cause convulsions particularly in children or
debilitated victims (Bucaretchi et al., 2000). Recent findings
in experimental models have shown that the systemic
injection of P. nigriventer venom (PNV) in rats causes blood–
brain barrier (BBB) permeability, with hippocampal BBB
greatly susceptible to venom (Le Sueur et al., 2003). It
has been also shown that envenoming causes neuro-
inflammation in the cerebellum and hippocampus and
neuron activation (induction of Fos þ neurons) in some
brain regions, which though showed differential regional
and time-course modulation (Rapôso et al., 2007; da Cruz-
Höfling et al., 2007, 2009). This BBB permeation was tran-
sient being thereafter gradually restored. However, the
cellular events which course with the alterations of
permeability at the blood–brain interface and how the
repair occurs were not determined yet (da Cruz-Höfling
et al., 2009).
One of the growth factors with seminal involvement in
the process of brain repair is the vascular endothelial
growth factor (VEGF). It is upregulated during many path-
ological events in the central nervous system (CNS),
including ischemia, spinal cord injuries, BBB breakdown
(for review see Brockington et al., 2004), status epilepticus
and multiple sclerosis (for review see Ruiz de Almodovar
et al., 2009). Members of the VEGF family include VEGF-
A, -B, -C, -D, -E and placental growth factor (PlGF). VEGF-
B, -C, -D and -E have thus far been less well studied than
VEGF-A (for review see Ruiz De Almodovar et al., 2009).
VEGF plays a central neurotrophic and neuroprotective role
in the CNS by promoting angiogenesis, regulation of vas-
culogenesis and vascular permeability. VEGF multiple
functions result from its mediation by specific tyrosine
kinase transmembrane receptors, which besides being
expressed on endothelial cells are also expressed on
neurons. VEGF receptors (VEGFRs) can participate in
various biological functions, including cell survival, migra-
tion, and differentiation as well as vascular sprouting,
stabilization, and permeability (Shibuya and Claesson-
Welsh, 2006). Members of the VEGFR family include
VEGFR1 and VEGFR2, also known as Fms-like tyrosine
kinase 1 (Flt-1) and fetal liver kinase 1 (Flk-1)/kinase insert
domain receptor (KDR), respectively (Olsson et al., 2006).
This study investigates if the tyrosine kinase receptor for
VEGF, Flt-1, is part of the events which course with alter-
ations of permeability in a model of BBB breakdown. The
distribution and expressional changes of Flt-1 were studied
in the rat hippocampus through immunohistochemistry
following intra-peritoneal injection of P. nigriventer venom;
fourteen days and 8–10 weeks aged rats were used in order
to demonstrate a possible age-dependent cellular response
to venom. By immunohistochemistry it is possible to
determine the expression of proteins involved in cell
signaling for a whole population of neurons in selected
brain regions, what is of pivotal importance in pathologic
states induced by xenobiotics.
2. Materials and methods
2.1. Venom and animals
Lyophilized P. nigriventer crude venom (PNV) was
supplied by Instituto Butantan (São Paulo, SP, Brazil) and
stored at  20 !C until use. Male Wistar rats (Rattus norve-
gicus) 3 weeks of age, obtained from the Multidisciplinary
Center for Biological Investigation at the State University of
Campinas (CEMIB/Unicamp) were housed under standard
animal colony conditions, 5/cage, at 23 !C on a 12 h light/
dark cycle with lights on at 6 a.m. and with free access to
food and water until reaching 8–10-week-old. At least 24 h
before the experiment, the animals were transported in
their home cages from the animal colony to the laboratory
and allowed to habituate. Male Wistar rats on post-natal
day 14 (P14) were taken directly from CEMIB to the labo-
ratory and experiments were done in the next day.
2.2. Envenoming procedure
Dose–response trials using intra-peritoneal (i.p.) injec-
tion of 0.85 mg/kg, 1.7 mg/kg and 2.55 mg/kg venom
concentration was previously conducted and the 1.7 mg/kg
dose was the one which better reproduced the signs of
envenoming formerly obtained with intravenous (i.v.)
injection (Le Sueur et al., 2003). The i.p. route was used
given the difficulty for injecting the venom through the
small-sized tail vein of the 14 days old neonate rats.
Animals of both ages (P14 and 8–10 wks old received
a single i.p. injection of PNV (1.7 mg/kg in 0.5 ml saline
solution (vehicle) or 0.5 ml of 0.9% sterile saline (sham
group); one, two, five and 24 h after injection (n ¼ 5 per
time/treatment), the animals were anesthetized with i.p.
injection (2 mg/mg body weight) of a 3:1 mixture of ket-
amine (Dopalen, 100 mg kg 1 body weight) and xylazine
hydrochloride (Anasedan, 10 mg kg 1 body weight) (For-
tvale, Valinhos, SP, Brazil). This study was approved by the
institution’s Committee for Ethics in Animal Use (CEUA/
Unicamp, protocol no. 2403-1) and the experiments were
done according to the Brazilian Society for Laboratory
Animal Science guidelines (SBCAL; formerly Brazilian
College for Animal Experimentation – COBEA).
2.3. Signs of envenoming
The envenoming signs presented by each animal were
independently monitored by three observers (M.C.P.M.,
E.S.S., L.M.S.) and a consensual final register was emitted.
2.4. Histology and immunohistochemistry
Anesthetized animals were transcardially perfused with
physiological saline followed by 4% paraformaldehyde in
0.1 M phosphate-buffered saline (PBS), pH 7.4. Then, the
brains were immediately removed and post-fixed in the
same fixative overnight at 4 !C. After, they were washed,
dehydrated in a graded ethanol series, cleared in xylene,
and embedded in paraffin (Paraplast, Sigma Aldrich, St.
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Louis, MO, USA). Selected coronal sections (5 mm) from
hippocampus containing the regions (CA1, CA2, CA3 and
dentate gyrus (DG)) were obtained with the help of
a stereotaxic atlas of rat brain anatomy (Paxinos and
Watson, 1998). Coronal sections of the hippocampus from
all groups mounted onto subbed glass slides were dewaxed
with xylene and rehydrated in descendent ethanol series
until distilled water. One section from each sectioning
plane per animal was stained by hematoxylin and eosin
(H&E) for histological analysis. For immunohistochemistry,
the endogenous peroxidase was blocked with 3% hydrogen
peroxide, (two cycles of 10 min) and epitope retrieval was
accomplished with 10 mM sodium citrate buffer, pH 6.0, in
a steamer (95–99 C) for 30 min. Non-specific antigen
bindingwas blockedwith 5% reconstitutedmilk powder for
1 h. Slides were incubated with the Flt-1 primary antibody
(1:500, Santa Cruz Biotechnology, Santa Cruz, CA, USA) for
16–18 h in a humidified chamber at 4 C. After returning to
room temperature (RT), slides were washed before being
incubated with biotinylated anti-rabbit secondary antibody
(EnVision HRP link, Dako Cytomation, CA, USA) for
30 min at RT. Color was developed with a dia-
minobenzidine chromogenic solution (DABþ, Dako Cyto-
mation, CA, USA) and nuclei were counterstained with
Harry’s hematoxylin; after ethanol dehydration slides were
mounted in Canada balsam. Negative control was done by
replacing the primary antibody with 1% PBS-bovine serum
albumin (BSA).
2.5. Image analysis
The Flt-1-reactive neurons contained in two randomly
selected fields per anatomic region (CA1, CA3 and DG) per
animal, and one randomly selected field per CA2 per animal
was counted. Each field corresponded to an area probe
measuring 0.90 mm2; hence a mean value of anti-Flt-1
neurons were obtained in 10 fields for CA1, CA3 and DG
per treatment/time (2 fields! 5 animals/group) and 5 fields
for CA2 per treatment/time (1 field ! 5 animals/group). All
images were taken with a 40! objective using an Olympus
BX51 photomicroscope (Japan) equipped with Image Pro-
Plus image analyzer software (SA). Image analysis (quanti-
fication of the immunoreactivity optical density) was done
using the free access GIMP 2.6.4 software (GNU Image
Manipulation Program, CNE) that converts the digitized
images to grayscale images (black and white) after color
selection (Solomon, 2009). This segmentation by color
makes possible to determine the percentage of pixels for
staining by a given antibody. Since Flt-1-immunolabeled
cells presented at least two different intensity of reactivity
(due to cells situated differentially in relation to the section
plane which passed through them) two color selections
were done to avoid ambiguous identification of cell labeling
and jeopardize the conclusions.
2.6. Morphometry
The percentage of vessels with perivascular edema was
calculated by dividing the number of affected vessels by the
total number of vessels per section per animal. A total of 10
sections per hippocampal region per time point was
examined in PNV- and saline-treated groups (2 sections per
animal ! 5 animals/time ¼ 10 sections/CA1, CA3 and DG
hippocampal regions and 1 section per animal! 5 animals/
time ¼ 5 sections/CA2 hippocampal region) per time
interval. The percentages of blood vessels affected were
compared between PNV-injected and saline-injected
(control) groups at each time. The quantification was
done by two observers.
2.7. Statistics
Data were expressed as mean # SEM. Differences were
analyzed using the GraphPad Prism software package (San
Diego, CA, USA). One-way analysis of variance (ANOVA)
followed by the Tukey test was used to compare groups.
A value of P $ 0.05 indicated statistical significance. In
addition, two-way ANOVA was conducted to compare
differences between PNV treatment on different time
points (1, 2, 5 and 24 h) and ages (14 days and 8–10 weeks)
throughout the experiment, and whether there was an
interaction between these two conditions. A P-value of 0.05
indicated statistical significance.
3. Results
3.1. Signs of envenoming
After a delay of 2 min (for P14 rats) and 10min (for adult
rats), after i.p. injection of P. nigriventer venom, the animals
exhibited hyperemia, piloerection, shivering, salivation,
some dyspnea, and flaccid followed by spastic paralysis of
the hindlimbs. At least one out of five rats used in each
period showed tonic convulsion. Four P14 animals and one
of 8–10 weeks old died soon after venom injection,
suggestively by respiratory arrest, since necropsy showed
lung edema. The signs in the P14 animals appeared more
intense when compared with those of adult animals. Five
hours post-PNV injection the clinical condition had
improved, but it was only after 12 h the clinical recovery
seemed complete by animals allowed surviving until 24 h.
Rats injected with sterile saline (sham controls) appeared
normal and showed none of the clinical signs described
above.
3.2. Perivascular edema
Perivascular edema was observed in PNV-treated
animals and was more frequent in venules of microcircu-
lation. Capillaries seem unaffected and histologically the
hippocampal parenchyma appears normal (Fig. 1).
Quantification of the affected vessels aimed at evalu-
ating the extension of barrier permeabilization permitted
estimation of the time-course of the alterations from 1 to
24 h post injection (p.i.) in CA1, CA2, CA3 and DG regions. In
all four regions the quantity of affected vessels was visibly
higher in P14 rats than in 8–10 weeks rats.
A marked increase of vessels with perivascular edema
was seen in all the hippocampal regions of animals of both
ages soon after one h of PNV injection. However, the
appearance of affected vessels was more prominent in P14
animals (Fig. 2) since it was significantly higher in all time-
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points for CA1, at 1, 2 and 24 h for CA3 and at 2 h for DG
(Fig. 2A, C and D). In general the peak of vessels with peri-
vascular edema occurred at 2 h, after which there was
reduction except for CA1. In adult animals the tendency for
increasing the number of affected vessels did not reach
statistical significance in all the regions and time interval
(Fig. 2A–D).
The use of two-way analysis of variance showed that in
regard to vessels with perivascular edema there was inter-
action between times elapsed after envenoming versus age
of animals for CA1 and CA3 hippocampal regions. For CA1,
CA2 and DG there is influence of the variable age but not of
the variable time in the number of vessels with perivascular
edema. Moreover, the two variables had impact on the
number of vessels with perivascular edema in the CA3.
3.3. Immunohistochemistry
The quantification of immunoreactivity, based on color
manipulation and segmentation in grayscale (GIMP soft-
ware, Solomon, 2009) and measurement of pixels density
allowed determining the response of neuron populations
belonging to each region in separate.
Flt-1 immunoreactivity was detected in neurons of all
hippocampal regions. Fig. 3 illustrates the labeling pattern
of Flt-1 receptor of VEGF in neurons of control and PNV-
treated rats (P14 and 8–10 wks) 5 h after i.p. injection
(panels A, B, E, F); and their counterpart images color-
selected by GIMP software (panels C, D, G, H). Whereas
neurons expressing Flt-1 were distributed sparsely in
controls animals, in envenomed rats they were by far much
more densely concentrated.
Fig. 3 shows the time-course quantification of the
density of pixels, expressed as percentage, of Flt-1-labeled
neurons in CA1, CA2, CA3 and DG regions. Comparatively,
CA3 region neurons of shamgroup exhibit the least baseline
expression of Flt-1 whilst DG region exhibit the highest in
animals of both ages. Flt-1 baseline level of CA1 and CA2
neurons occupied the intermediary position relative to CA3
and DG; CA1 and CA2 neurons showed quite the same
baseline distribution pattern of Flt-1. In all four regions the
expression of Flt-1 at basal level was visibly higher in P14
rats than in 8–10 wks rats. In animals of both ages i.p.-
injected with PNV there was immediate upregulation of
the level of Flt-1 expression in all the four hippocampal
regions studied. CA1 and DG were the regions with most
dramatic rise of Flt-1 expression 1 h after injection: Flt-1
level of PNV-exposed rats was upregulated by 90% in CA1,
135% in DG whereas CA2 and CA3 just showed a trend for
rising. Also, it is of interest to observe that CA1 and DG
neurons of animals of both ages displayed a similar time-
course changes of the VEGF’s Flt-1 receptor density of
pixels (compare Fig. 4A and D). Likewise, neurons of CA2
and CA3 in animals of both ages showed quite the same
pattern of time-course changes in their immunolabeling
(compare Fig. 4B and C). In animals of both ages, the
neurons of CA2 were the least susceptible to change the
expression of Flt-1 receptor (Fig. 4B).
Fig. 1. Photomicrographs showing vessels with perivascular edema. A and B are saline-injected animals and C and D are PNV-injected animals, all of them after
5 h. Perivascular edema (*) was seen around the affected vessels, but not in capillaries (arrows). Scale Bars ¼ 50 mm.
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The two-way analysis of variance showed that therewas
interaction between time after PNV injection versus age of
animals for CA3 and DG in relation to the expression of the
receptor. The Flt-1 expression was influenced by the two
variables “time after envenoming” and “age of animals” in
all the four regions scanned.
4. Discussion
To investigate a potential involvement of the vascular
endothelial growth factor (VEGF) in the neurotoxic effects
caused by P. nigriventer venom in the hippocampus, we
analyzed whether the expression of VEGFR-1, also named
Flt-1, was changed after i.p. administration of venom. Using
immunohistochemistry for the Flt-1 it was possible to
determine that neurons were the principal cells constitu-
tively expressing the receptor and that anti-Flt-1 was
immunodetected in the nucleus of neurons; by immuno-
histochemistry labeling the distribution and expressional
level of Flt-1 was demonstrated in all the four selected
regions of the hippocampus: CA1, CA2, CA3 and DG.
Nuclear location of Flt-1 has been found in the dorsal root
ganglion sensory neurons (Dhondt et al., 2011), ventral root
motor neurons (Poesen et al., 2008), and lumbar motor
neurons (Islamov et al., 2004) and others. In hippocampus,
Flt-1mRNA is restricted to pyramidal neurons of CA regions
and granular neurons of DG (Choi et al., 2007). In all these
regions the upregulation of Flt-1 has been associated with
neuroprotective signals mediating VEGF effects in different
injury conditions.
Herein, the investigation was focused on hippocampus
as one of the brain regions particularly targeted by PNV as
has been shown by our laboratory (Le Sueur et al., 2003;
Rapôso et al., 2007; da Cruz-Höfling et al., 2009). These
previous studies have shown that the i.v. administration of
PNV disrupts the BBB, causes neuroinflammation, reactive
astrogliosis and activates neurons (Fos-positive neurons)
with participation of neuronal nitric oxide synthase. Herein,
the i.p. injection of PNV caused perivascular edema in
venules of the microcirculation of hippocampus indicating
that the BBB was also permeated. The incidence of peri-
vascular edema was higher in young animals than in adult
animals treated with PNV. However, there was variation in
the number of affected vessels per region. A possible
correlation between the incidences of perivascular edema
and induction of Flt-1 expression by venom in P14 rats was
not clear. Relative to controls there was significant increase
of affected vessels in CA1 in all time points, in CA3 at 1, 2 and
24 h and in DG at 2 h after PNV exposure. No significant
incidence of vessels’ edema was noticed in CA2. Likewise,
Flt-1 expression was unchanged in CA2; in CA1 it was
upregulated in all time-points, in CA3 at 5 and 24 h and in
DG it was upregulated in all time-points. Studies have
shown that Flt-1 is a signaling agent for chemotaxis in
immune responses (Forstreuter et al., 2002). In non-
nervous tissue, Flt-1 has been documented in asthma
(Hoshino et al., 2001), eosinophil inflammatory response
Fig. 2. Percentage of vessels affected (perivascular edema) after PNV injection in comparison to control. Each bar represents the mean number of vessels with
perivascular edema per period (SEM) divided by the total number of vessels, representing different sub-regions of hippocampus. (*) p < 0.05; (**) p < 0.01; (***)
p < 0.001 when compared to matched control.
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Fig. 3. Representative photomicrographs of Flt-1 immunostaining in neurons of the dentate gyrus region of P14 rats, 5 h after i.p.-injection of sterile saline (A) or
PNV (B) and their counterparts after color segmentation using GIMP software tool for quantitative analysis of neurons reactivity for Flt-1 (C and D). Panels E and F
display dentate gyrus region of hippocampus of 8–10 weeks rats 5 h after saline and PNV i.p. injection, respectively; panels G and H represents E and D panels
after color segmentation using GIMP analysis of neurons reactive for Flt-1. See that DG neurons positive for Flt-1 of envenomed animals markedly outnumber the
corresponding positive neurons of controls saline-injected. Bars ¼ 25 mm for all panels. (For interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.)
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(Feistritzer et al., 2004) and in neutrophils infiltrate in
muscle intoxicated by snake venom (Dourado et al., 2011).
A number of inflammatory diseases seem to be relatedwith
Flt-1 expression and exacerbation of the pathology. In the
Alzheimer disease, Flt-1 mediates microglial chemotactic
inflammatory responses which contribute to increase the
pathological condition (Ryu et al., 2009). Inflammatory
responses are known to be associated with higher perme-
ability and extravascular release of fluid and protein into
tissue. Whether the increase of Flt-1 expression seen in P14
animals has a role in the modulation of vascular perme-
ability through hippocampal endothelial cells and neuro-
inflammation is elusive so far. If this is confirmed it seems
that the responses are non-homogeneous in relation to
receptor expression in all the hippocampus of young
animals. On the other hand, the hypothesis that Flt-1
upregulation could modulate positively the incidence of
perivascular edema seems unlikely for adult animals. In
fact, the upregulation of Flt-1 in adult animals exposed to
PNV was correlated with just a trend (non-significant) for
increasing the number of vessels with perivascular edema.
Since Flt-1 upregulation has been also reported as a neuro-
protective signaling for VEGF mediation in pathological
conditions, it is likely that in adults Flt-1 acts against the
neurotoxic effect of PNV, hence inhibiting the formation of
perivascular edema.
In line with this, the fact that Flt-1 upregulation was in
general more expressive in the older than in the younger
animals (120% vs.118% in CA1, 215% vs.100% in CA2, 288% vs.
141% in CA3 and 420% vs. 167% in DG) could explain the
stronger signs of intoxication in the P14 animals and higher
incidence of perivascular edema in comparison to adult
animals.
Relative to Flt-1 baseline expression in sham control, in
PNV-treated animals the upregulation of Flt-1 was
progressive with time in P14 and adult animals, achieving
its climax 24 h after envenoming. Actually, just in the CA2
of young animals Flt-1 was unchanged 24 h-post PNV
exposure. Despite, clinically the signs of envenoming
seemed to be resolved after 12 h of PNV envenomation. The
findings indicate that at molecular level the effects of
venom were still underway.
On the other hand, the expressional steady state of anti-
Flt-1 labeling seen in neurons of all four hippocampal
regionsof animals injectedwithsalineappears tosuggest that
stressing factors (animal’smanipulationand i.p. injection)did
not influence the level of the receptor. Both in P14 and adult
animals the Flt-1 expression level remained with minimal
variation (seewhite bars of Fig. 4). Thebasal expression of Flt-
1 in P14 animals was higher than in adult animals.
The fact that the vasogenic edema caused by PNV
correlates with significant upregulation of the VEGFR1
receptor, Flt-1, can be seen as a strong evidence indicating
this receptor as a mediator of the neurotoxic effects of PNV
in hippocampus of P14 neonate rats and adult rats. It also
suggests that neuron cells are important targets for PNV.
VEGF is a growth factor which plays a central neuro-
trophic and neuroprotective role in the CNS by promoting
Fig. 4. Percentage of pixels density of Flt-1 labeled neurons in different time points after PNV (1.7 mg/kg) or 0.9% saline injection. Data are shown as
means  SEM. (*) p < 0.05; (**) p < 0.01; (***) p < 0.001 when compared to control at each time point.
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angiogenesis, vascular permeability, regulation of vasculo-
genesis and neurogenesis, both during development and
after ischemia or trauma (Hansen et al., 2008). In hippo-
campus, VEGF and Flt-1 and Flk-1 receptors are upregulated
after transient ischemia (Choi et al., 2007). Neurogenesis in
the adult mammalian brain is mainly confined to two
regions: the subventricular zone of the lateral ventricles
and the dentate gyrus of the hippocampus (Altman andDas,
1965; Cameron et al., 1993; Levison and Goldman, 1993;
Luskin,1993). Thismay reflect whyDGneurons of sham and
treated group exhibited the highest expression when
comparedwith the other hippocampal regions. The dentate
gyrus region is thought to contribute the formation for new
memories, exploratory activity and synaptic plasticity (Saab
et al., 2009).
The hippocampus is part of the lymbic system and is
a region of the cerebral cortex. CA1, CA3 and DG, the three
best explored regions of the hippocampus, are believed to
function cooperatively; however evidences indicate that
each one performs particular specialized functional activi-
ties (Klausberger and Somogyi, 2008). The implications
behind the highest increase of Flt-1 in DG (420%), followed
by CA3 (w290%) after PNV administration are unclear.
Further studies aimed to associate venom effects on Flt-1
expression with specific operational function of each
hippocampal regionwill be useful for therapeutic strategies.
In conclusion, thedataobtained indicate thatVEGFmaybe
involved differentially in the hippocampal neuron response
via Flt-1 mediation following PNV envenoming; its higher
upregulation in adult envenomed rats may be an indication
that Flt-1 neuroprotective mediation gains efficiency with
age. On the other hand, the higher incidence of perivascular
edema in young animals could be related with the pro-
inflammatory role reported for Flt-1. The modulation of
Flt-1 expression in response to PNV is temporally and differ-
entially influenced. Thefindings provide insights into cellular
and molecular mechanisms governing PNV envenoming in
rats. Further studies directed to understand the signaling
pathways involved in PNV central action are necessary.
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We evaluate the expression of VEGF and its tyrosine kinase transmembrane receptors, Flt-
1 and Flk-1 in the hippocampal neurons during the neuropathogenesis which occurs 
following envenomation by Phoneutria nigriventer spider venom (PNV). Along with this, 
neuron (NeuN) viability and the integrity of the blood-brain barrier (BBB) were assessed 
measuring the expression of occludin, β-catenin and laminin. Age differences were 
assessed on postnatal day 14 (P14-neonate) and 32-40 (adult) rats at time limits of 2, 5 and 
24 hours. VEGF, Flt-1 and Flk-1 levels increased in PNV-administered animals, 
concurrently with mRNA increases and animals’ excitotoxic signs of intoxication. Flt-1 and 
Flk-1 immunolabeling were nuclear in pyramidal neurons of CA1, CA2, CA3 and granule 
neurons of dentate gyrus, instead of the typical VEGF membrane-bound location. These 
changes paralleled with changes in BBB-associated proteins and NeuN; the dynamics of 
them differed between neonate and adult hippocampi. Adults showed more prominent 
increases in VEGF/Flt-1/Flk-1 system and earlier recovery of BBB-related proteins than 




channels and delay Na
+
 channel 
inactivation and affect glutamate release and uptake. Data suggest that loss of hippocampus 
homeostasis alters VEGF binding to Flt-1 and Flk-1 intracellular tyrosine kinase domains, 
being the cytokine potentially involved in the neuropathogenesis and BBB dysfunction 
following PNV envenomation.  
 
Keywords: Blood-brain barrier, Hippocampus, Junctional proteins, Neu-N, VEGF and 
receptors, Phoneutria nigriventer venom. 
 
1. Introduction  
 
Spider venoms are rich sources of low molecular mass compounds with a wide range 
of pharmacological effects on ion channels, neurotransmitter receptors and transporters and, 
hence, on synaptic transmission [1]. Phoneutria nigriventer spider venom contains a 
plethora of neuroactive peptides which activate or delay inactivation of tetrodotoxin (TTX)-
sensitive Na
+




channels. Therefore changes in the 
65 
 
concentration of these ions affect glutamate transporter resulting in inhibition of glutamate 
release and uptake [2,3]. Human victims of P. nigriventer spider bite show neuroexcitatory 
symptoms which may include convulsion when accidents are severe (0.5 %) generally in 
children [4]. The presence of PNV in the blood circulation induce blood-brain barrier 
(BBB) breakdown in the rat hippocampus [5] by enhanced transendothelial microtubule-
mediated vesicular transport [6], or by displacement of paracellular pathway [7], these 
effects being accompanied by neurotoxic manifestation. These effects are transient, with 
clinical recovery preceding cellular and molecular restoration. The learning of the 
molecular events underlying neuroexcitoxicity following P. nigriventer envenomation is 
relevant under a medical and scientific point of view.  
BBB breakdown may result from deregulation of mediators and/or signaling 
mechanisms involved in the maintenance of anatomical and molecular BBB integrity. 
Factors related with increased BBB permeability include matrix metalloproteinases and 
angiogenic factors, the most notable of which is the vascular endothelial growth factor 
(VEGF) [8]. VEGF-A, or simply VEGF, is the prototypical member of the family of 
growth factors. Its action results from binding to VEGFR1 and VEGFR2, also named as 
Fms-like tyrosine kinase 1 (Flt-1) and fetal liver kinase 1/kinase insert domain receptor 
(Flk-1/KDR), respectively [9]. In addition of being expressed in endothelial cells, VEGF 
and VEGFRs are also expressed in neurons and astrocytes. VEGF mediation has been 
described in brain repair [10] in many pathological events in the CNS (for review, see Ruiz 
de Almodovar [11]). BBB disruption has been associated with pathologic angiogenesis in 
patients suffering from intractable temporal lobe epilepsy, and confirmed experimentally, 
was accompanied by overexpression of VEGF in neurons and Flk-1 in endothelial cells 
[12]. 
The hippocampus is rich in glutamate receptors and transporters, so being an object of 
neuroexcitotoxic generating agents, like PNV. Hippocampus is located in the temporal 
lobe, a place involved in the etiopathogenesis of convulsion-like events, like the induced by 
PNV [4, 13]. These characteristics naturally make interesting to investigate whether VEGF, 
Flt-1 and Flk-1 expression is altered in the course of BBB disruption provoked by P. 
nigriventer venom. A possible age-dependent differential response was investigated using 
neonate and adult rats.  
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2. Materials and methods 
 
2.1. Animals and venom 
 
Male Wistar rats (Rattus norvegicus) aged 3 weeks were obtained from the 
Multidisciplinary Center for Biological Investigation at the State University of Campinas 
(CEMIB/Unicamp). They were housed under standard animal colony conditions, 5/cage, at 
23°C on a 12 h light/dark cycle, with lights on at 6 a.m. and with free access to food and 
water until reaching 8–10 weeks old. At least 24 hours before the experiment, the animals 
were transported in their home cages from the animal colony to the laboratory and allowed 
to habituate. Male Wistar rats on post-natal day 14 (P14) were taken directly from CEMIB 
to the laboratory, and experiments were done in the next day. Lyophilized P. nigriventer 
crude venom (PNV) was stored at -20
o
C, until use.  
 
2.2. Envenoming procedure 
 
All experimental procedures were approved by the Institutional Committee for Ethics 
in Animal Use (CEUA/IB/Unicamp, protocol n. 2403-1) and the experiments were carried 
out according to the established by the Brazilian Society of Laboratory Animal Science 
(SBCAL) guidelines for animal use. P14 animals (n = 4-6) and 8-10 weeks old animals (n = 
4-6) received a single intraperitoneal (i.p.) injection of PNV (1.7 mg/kg in 0.5 ml of 0.9% 
sterile saline), while the control group was given the same volume of vehicle [14]. Two, 
five and 24 hours after saline or PNV i.p. administration, the animals were anesthetized and 
the hippocampus immediately removed. Neonate rats were used for comparison with adult 
rats, since severe accidents by Phoneutria generally occurs in children [4]. Time limits of 2, 
5 and 24 hours corresponded to periods of peak of intoxication, beginning of clinical 
recovery and no sign of intoxication at all, respectively. 
 




Anti-VEGF (1:50, mouse monoclonal, sc-7269), anti-Flt-1 (1:500, rabbit polyclonal, 
sc-316) and Flk-1 (1:50, rabbit polyclonal, sc-315), all from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA), and anti-neuronal nuclear antigen (NeuN) (1:1000, rabbit 
polyclonal, ABN78, Millipore, MA, USA) immunohistochemistry was performed in 
coronal sections of the hippocampus, as previously described [14]. Negative control was 
done with 1% PBS-bovine serum albumin (BSA) but without the primary antibody. 
 
2.4. Western blotting (WB) 
 
After 2, 5 and 24 hours of PNV or saline injection, the animals (n = 6/time), were 
anaesthetized by CO2 inhalation and killed by decapitation. The hippocampus from each 
group was quickly dissected and homogenized in an extraction cocktail (10 mM EDTA, 2 
mM PMSF, 100 mM NaF, 10 mM sodium pyrophosphate, 10 mM NaVO4, 0.1 mg of 
aprotinin/ml and 100 mM Tris, pH 7.4). Cellular protein was quantified by Bradford assay 
(Bio-Rad, CA, USA), then 40 µg of the cleared lysates were separated on 8% (β-catenin, 
Flt-1, Flk-1, laminin and occludin) or 12% (VEGF and NeuN) SDS-PAGE and 
electrotransferred onto nitrocellulose membrane (BioRad). Total cell lysates were prepared 
and analyzed by western blotting, as previously described [7]. Antibodies were specific for 
rabbit polyclonal antibody against Flt-1 (1:500, sc-316), Flk-1 (1:250, sc-315, Santa Cruz), 
laminin (1:500, L9393, Sigma Aldrich), NeuN (1:2000, ABN78, Millipore); mouse 
monoclonal antibody against β-Catenin (1:600, sc-7963) and VEGF (1:500, sc-7269) 
(Santa Cruz), β-actin (1:100, A2228, Sigma Aldrich) and goat monoclonal antibody against 
Occludin (1:500, sc-8144, Santa Cruz). Bands were visualized using chemiluminescence 
reagent (Thermo Scientific, CA, USA). For quantification, the density of pixels of each 
band was determined by the NIH Image J 1.45s software (available at ftp from 
zippy.nimh.nih.gov/ or from http://rsb.info.nih.gov/nih-image; developed by Wayne 
Rasband, NIH, Bethesda, MD, USA). The results of each protein were confirmed in three 
sets of experiments, and data were normalized using the respective loading controls. Values 
were normalized to the corresponding value for β-actin and expressed as a ratio. 
 




Total RNA was isolated from the hippocampus of each group using trizol reagent (Life 
Technologies, Gaithersburg, MD, USA). Primers used in this study and their respective 
assay identification numbers in the Applied Biosystem catalogue were: VEGF: 
Rn01511601_m1, Flt-1: Rn00570815_m1, Flk-1: Rn00564986_m1. The levels of VEGF, 
Flt-1 and Flk-1 mRNA were quantitated relative to amplicon-specific standard curves by 
qPCR using 50 ng total RNA in triplicate and analyzed on an ABI Prism 7500 sequence 
detector, using a TaqMan® Universal Master Mix. The optimal concentrations of cDNA 
and primers, as well as the maximum efficiency of amplification, were obtained by five-
point, two-fold dilution curve analysis for each gene. Each PCR contained 3.0 ng of 
reverse-transcribed RNA, 200 nM of each specific primer, SYBR SAFE PCR master mix, 
and RNase-free water to a final volume of 20 l. All samples were run in triplicate with 
water as a no-template control and GAPDH as an endogenous control. Real-time data were 




Student's t-test was used for comparisons between PNV and control data. Additionally, 
three-way ANOVA test was used to determine the influence of three variables [treatment 
(control and PNV), age (P14 and 8-10 weeks) and time (2, 5, and 24 hours)] on the 
resulting outcome. The data were expressed as the mean ± SEM; a p ≤ 0.05 indicated 
significance. 
 
3. Results  
 
       Animals of both ages that were administered saline were normal in their feeding and 
behavior habits in the cage, whereas animals administered P. nigriventer showed the toxic 
manifestations described elsewhere [14]. 
 




VEGF was expressed in pyramidal neuron bodies and dendrites of subfields CA1, CA2 
and CA3 and granule neurons of dentate gyrus. Flt-1 and Flk-1 receptors were mainly 
expressed in the nuclei of pyramidal neurons. Flt-1 staining was also seen in neuron 
processes. Flt-1 immunostaining was stronger than Flk-1. Figure 1 illustrates the VEGF, 
Flt-1 and Flk-1 staining pattern in the CA1 subfield of the hippocampus of adult animals 
taking at 5 hour after i.p. administration of saline and PNV. Such pattern was mirrored by 
CA2, CA3 and DG subfields for animals of both ages. 
PNV increased the immunoreactivity of VEGF and receptors in all subfields examined 
(Figures 1B, D, F are shown as representative). Consistently, the anti-Flt-1 staining 
increased more prominently than VEGF and Flk-1. While several nuclei are Flk-1 negative 
(Fig. 1D) practically all nuclei were Flt-1 + (Fig. 1C) and all neuron bodies were VEGF + 
(Fig. 1B). This staining pattern was consistent for P14 and adult animals (not shown).  
It is worth mention that PNV-administered animals confirmed perivascular edema in 
vessels of microcirculation in all hippocampal subfields examined (Figs. 1 B, D, F) 
confirming previous quantitative studies [5, 13, 14]. 
 
3.2. Western blotting and real-time PCR: temporal and age-related differences 
 
VEGF, Flt-1 and Flk-1 expression in the hippocampi homogenate (hence comprising 
all ammonic subfields together, CA1, CA2, CA3 and DG) showed time- and age-dependent 
differences in PNV-administered animals. 
 
3.2.1. VEGF, Flt-1 and Flk-1 immunoblots quantification 
 
 PNV increased VEGF by 36.2% at 24 hours in hippocampus of adult animals whereas 
in neonates it was unaffected (Fig. 2A; *p ≤ 0.05). VEGF expression, basally and after 
venom exposure, was higher in neonates than in adults, being 71.3% significantly higher at 
2 hours in neonates than envenomed adults (
##
p ≤ 0.01) and 41.9% significantly higher at 5 
hours in neonates than control adults (
#
p ≤ 0.05). 
PNV induced a 41.4% increase of Flt-1 expression at 24 hours in P14 rats (p ≤ 0.001), 
whereas decreased it by 25.2% at 2 hours in adults (Fig. 2B; p ≤ 0.05). At 24 h post-PNV, 
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Flt-1 expression was higher in neonates than in adults at same time (
##
p ≤ 0.01). Flk-1 
expression level was upregulated by 48.5% in adult rats after 5 h relative to baseline (*p ≤ 
0.05, Fig. 2C) and remained unchanged in neonates. Flk-1 expression was higher in control 
neonates than in adults at same time (
#
p ≤ 0.05). 
The three-way ANOVA analysis revealed interaction between the variables treatment 
vs. time so influencing VEGF and Flt-1 expressions (*p ≤ 0.05). 
 
3.2.2. VEGF, Flt-1 and Flk-1 mRNAs (qPCR) 
 
PNV induced a 26.8% increase of VEGF mRNA at 5 hours in adults (*p ≤ 0.05) (Fig. 
3A). In envenomed neonates, the expression of VEGF and Flt-1 mRNAs did not differ 
from control level; Flk-1 mRNA expression was 12.1% above control at 24 hours (**p ≤ 
0.01, Figs. 3B and 3C). In adult rats, Flt-1 mRNA expression decreased by 15% (*p ≤ 0.05) 
after 2 hours, followed by a 14.4% and 5% increase at 5 hours and 24 hours, respectively 
(*p ≤ 0.05); Flk-1 m RNA was upregulated at 5 h in adult rats by 15% (**p ≤ 0.01, Figs. 
3B and 3C).  
Comparison between neonates and adults showed neonates with significantly lower 
levels of VEGF mRNA at 5 hours (12.1%) and 24 hours (18.3%) than envenomed adults 
(
#
p ≤ 0.05). In contrast, Flt-1 mRNA was higher in neonates than in adults at 5 hours (
#
p ≤ 
0.05); at 5 and 24 h Flk-1 mRNA was higher in adults respective to neonates at same time 
intervals (
###
p ≤ 0.001 and 
##
p ≤ 0.01, respectively). 
The three-way ANOVA analysis showed that interaction between two variables 




Anti-NeuN was expressed in the nuclei of pyramidal neurons. PNV increased NeuN 
staining intensity, but apparently diminished the density of cells (compare Fig. 4A and 4B).  
Western blot analysis of NeuN revealed a doublet running at its predicted weight of 46 
kDa (Fig. 4C). Envenomed neonate rats showed an 18.1% decrease at 5 hours (**p ≤ 0.01) 
and a 14.8% increase at 24 hours (**p ≤ 0.01). In adults, NeuN level was 20.5% 
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significantly downregulated at 2 hours (**p ≤ 0.01) and was similar to baseline values at 5 
hours and 24 hours. There were age-related differences between PNV-treated rats at 2 hours 
and 5 hours, with neonates showing higher levels of NeuN than adults, as illustrated in 
Figure 3 (
#
p ≤ 0.05 and 
##
p ≤ 0.01).  
 
3.2.4. Blood-brain barrier-associated proteins: occluding, β-catenin, laminin  
 
All the three proteins showed a quite similar pattern of response to PNV envenomation. 
All decreased significantly and transiently in adult and neonate rats exposed to PNV, such 
decreases occurring earlier in adults than in neonates after which they exhibited recovery 
towards baseline (Figs. 5A, B, C). 
Relative to respective control levels, occludin expression decreased significantly earlier 
in adults (2 hours) than in neonates (5 hours) and showed 27.7 % decrease (*p ≤ 0.05) 
compared with a 30.1 % decrease in neonates (**p ≤ 0.001); there was no difference 
between PNV vs. controls in protein expression at 24 hours (Fig. 5A). PNV-administered 
adult rats showed immediate (2 hours) 55.3 % downregulation of β-catenin (*p ≤ 0.05), 
whereas neonates’ β-catenin downregulation occurred at 5 hours and was 19.3 % in 
magnitude (*p ≤ 0.05). These changes were transitory; at 24 hours protein expression was 
close to baseline in animals of both ages (Fig. 5B). The reduction caused by PNV in 
laminin expression was higher (72.6 %, *p ≤ 0.05) and earlier (2 hours) in adult animals 
than in neonates (5 hours, 8.5 % reduction, 
*
p ≤ 0.05) (Fig. 5C). Laminin expression was 
lower in the basement membrane of microvessels of adult rats relative to neonates both in 
control and PNV groups. There were age-related differences between PNV-treated rats at 2 
hours and 5 hours as illustrated in Figure 4 (
##
p ≤ 0.01 and
 ###
p ≤ 0.001).  
 
4. Discussion  
 
Despite clinical and experimental evidences have shown that P. nigriventer spider 
envenomation induces neuroexcitotoxic signals and the venom disrupts the blood-brain 
barrier, causes neuroinflammation and activates neurons [4, 5, 15,16], little is known about 
regulatory mechanisms triggered in the brain shortly after envenomation.  
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VEGF type A, here studied, is a hypoxia-inducible glycoprotein with pivotal pro-
angiogenesis regulator role [17, 18]. VEGF is promptly upregulated in response to minimal 
changes in oxygen [19] and hence considered neurotrophic/neuroprotective cytokine 
against brain damage [17, 20, 21]. VEGF translational regulation is accomplished through 
endogenous mechanisms that activate the oxygen-regulated α-subunit of hypoxia-inducible 
transcription factor-1 (HIF-1) [22]. In rats, intoxication by PNV include neuroexcitability, 
respiratory distress and convulsion [13, 14], which altogether lead to loss of oxygen 
homeostasis in the CNS. Although, both neonate and adult rats presented similar signs of 
intoxication, our results suggest that, following exposure to PNV, neonate rats seem to be 
less capable than adult rats in activating VEGF, Flt-1 and Flk-1 promoters to produce 
mRNAs with efficient translational activity. 
In fact, in neonates just Flk-1 mRNA and Flt-1 protein increased and this occurred later 
at 24 hours while VEGF and Flt-1 mRNAs and VEGF and Flk-1 proteins remained 
unaltered. In contrast, PNV increased VEGF mRNA expression (5 hours), VEGF at 24 
hours, decreased Flt-1 mRNA at 2 hours followed by increases at 5 and 24 h and increased 
the corresponding protein at 2 h. PNV also increased Flk-1 mRNA and Flk-1 protein at 5 
hours in adult rats. The absence of changes and/or delayed response by envenomed 
neonates may suggest immature endogenous mechanism for activation of HIF-1 and 
translational regulation of VEGF, a hypothesis that needs probation. Until now, studies 
about the effect of PNV on BBB had been conducted only with adult rats, but age-related 
differences have been recently reported for rats [14, 23] and humans [4].  
The changes in VEGF/Flt-1/Flk-1 system here shown were concurrent with 
hippocampal microvascular permeability, evidenced by perivascular edema and supported 
by expressional decreases of proteins associated with BBB, such as occludin, β-catenin and 
laminin. The findings are in line with previous quantitative results that have shown BBB 
disruption, vasogenic and cytotoxic edema in hippocampus and cerebellum of rats 
administered PNV [5, 13, 15, 16]. Interestingly, redistribution of occludin, β-catenin and 
laminin occurred later in neonates (5 hours) than in adults (2 hours) and expression was in 
general less pronounced in neonates than in adults: 30.1 % vs. 27.7.6 % for occludin, 19.3 
% vs. 55.3 % for β-catenin and 8.5 % vs. 72.6 % for laminin, respectively. Such findings 
substantiate the view that endogenous regulatory mechanisms against PNV toxicity are 
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more precarious in neonates than in adults. The data find support in study showing that 
BBB in suckling rats, like P14, is immature and that differentiation of endothelial cells is 
not yet accomplished [24].  
A study suggests that transcription factor such as HIF-1 is upstream mediator of 
junctional proteins during hypoxia, which may involve VEGF induction and expression 
[25]. Like HIF-1, VEGF at the BBB, is considered a permeability mediator [11]. This is in 
keeping with the proclaimed VEGF function as a potent inducer of vascular permeability in 
stroke, ischemia and other conditions of oxygen brain deprivation. As well, changes in 
BBB-associated proteins have been reported in such pathological states and perivascular 
edema has been related with BBB leakage (for review, see [8, 26]. Activate Flt-1 and Flk-
1receptors stimulate a variety of signaling pathways and extensive biological responses in 
endothelial cells [27] but not exclusively. Studies have shown VEGF participation in 
vascular, glial and neural cells, the glio-neurovascular unit (g-NVu), to which BBB is 
integrated [28, 29]. In previous studies, we have shown that PNV activates neurons (Fos 
induction) and causes neuroinflammation (induction of pro-inflammatory cytokines) [15, 
16], hence demonstrating that the venom affects all cell types of g-NVu. 
In fact, the expression of NeuN in pyramidal neurons of CA subfields and granule 
neurons of dentate gyrus dropped in PNV-treated animals. Interestingly, in adults the 
downregulation of NeuN occurred at 2 hours and then was restored to baseline at 5 and 24 
hours, whereas in neonates, it occurred later, at 5 hours and lasted until 24 hours. Again, the 
hypothesis that adult animals are most likely deemed to overcome the toxic effects induced 
by PNV is reinforced. NeuN has been used as a marker of mature neurons and neuron 
viability [30] suggesting that sustained downregulation of NeuN in envenomed neonates 
could be evidence of major vulnerability of newborns.  
Pyramidal neurons are the most abundant neuronal type located in forebrain structures, 
including the cerebral cortex, hippocampus and amygdala; their location in the forebrain 
region indicates their involvement with higher cognitive function. Conversely, the dentate 
gyrus of the hippocampus is a key relay station, common to all animals, which controls 
information transfer from entorhinal cortex to the hippocampus proper [31, 32]. Dentate 
gyrus granule neurons play seminal role in this process, since they receive and integrate 
entorhinal synaptic inputs. The complex is involved in seizure-like events. Both pyramidal 
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 channels, hence being not excluded the possibility of being affected by ion channels 
acting-neuropeptides of PNV [3]. Neuropeptides of P. nigriventer venom contains calcium 
channel antagonist that blocks glutamate exocytosis but also inhibits glutamate uptake [33, 
34, 35] in synaptosomes. VEGF modulates NMDA receptors activity in cerebellar granule 
cells through Src-family kinases before synapse formation [36], reduces calcium influx via 
inhibition of the Ca
2+
 channels in rat hippocampal neurons [37] and controls epileptic 
activity by influencing glutamatergic and gamma-aminobutyric acid (GABA)ergic 
neurotransmission [38, 39]. Taking in account that pyramidal and granule neurons NeuN(+) 
are the same VEGF(+), Flt-1(+) and Flk-1(+) cells, and considering the pharmacological 
characteristics of PNV, we suggest that VEGF signaling pathways may be one potential 
endogenous mediator in the hippocampus at the initial phases of envenomation by PNV. 
The exact contribution of the cytokine requires further studies. 
      Finally, a point deserving discussion refers to the unexpected reactivity of anti-Flt-1 and 
Flk-1 in the nuclei of neurons. Like VEGF, typically the receptors exhibit a membrane-
bound location. However, several works have now demonstrated that both in physiological 
and pathological conditions receptors can be translocated to the nucleus. Translocation of 
functional growth factor receptors into the cell nucleus has been considered as a novel 
mechanism for growth factor regulation. Ligand binding can internalize the activated 
receptors to downregulate signaling through degradation of the ligand/receptor complex 
(ubiquitinylation) or either via endocytosis of the receptor itself [40, 41]. Although unclear, 
it is possible that the age-related differences herein observed in the expression of VEGF 
and its tyrosine kinase receptors in response to PNV may reflect differences in the 
internalization and subsequent nuclear trafficking of the receptors, thereby having impact 




Overall, the data showed that the venom of P. nigriventer increases the expression of 
VEGF, Flt-1 and Flk-1 and respective mRNAs in the hippocampus of rats. Adult rats were 
more affected and exhibited more prominent increases than neonates. PNV also decreased 
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the expression of Neu-N and proteins associated to BBB, occludin, β-catenin and laminin 
simultaneously to the appearance of perivascular edema. All the expressional changes 
showed age-related pace with adult response more precocious (2 hours) than the neonates’ 
(5 hours). Together, the findings suggest an interdependent and time-coordinate sequence 
of events. VEGF, Flt-1, Flk-1 and NeuN were expressed by pyramidal and granule neurons. 
Flt-1 and Flk-1 atypically exhibited nuclear translocation being this discussed as a 
mechanism to regulate VEGF; it could also explain the low changes exhibited by neonates. 
Studies have shown that PNV induces excitotoxic signs which course with BBB breakdown 
and probably central oxygen unbalance. PNV possesses ion channels-acting neuropeptides 
that interfere with neurotransmission and glutamate handling. Future pharmacological 
studies are needed to reveal which interdependent signaling pathways underlies VEGF and 
intracellular tyrosine kinase domains of Flt-1 and Flk-1 in the neurotoxic manifestations 
elicited by PNV. We theorize that the somewhat moderate increases in the mRNAs 
monitored here could be related with the typical transient character of PNV effects reported 
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Figure 1. CA1 subfield of 8-10-weeks rats: composite photomicrographs of hippocampal 
coronal sections stained for anti-VEGF, anti-Flt-1 and anti-Flk-1 and using 
immunoperoxidase technique. A, C and E are sections from controls and; B, D and F are 
from PNV-treated adult rats 5 hours after i.p. injection. PNV increased the 
immunoreactivity of VEGF, Flt-1 and Flk-1. Py = stratum pyramidale; Or = stratum oriens; 







Figure 2. Western blot signals were densitometric quantified and normalized to an internal 
standard (β-actin). VEGF(A), Flt-1(B) and Flk-1(C) expressions in PNV-treated samples 
(1.7 mg/kg) relative to control (CON); 
*
p ≤ 0.05, 
**
p ≤ 0.01 and 
***
p ≤ 0.001 indicates 
significant difference relative to controls; 
#
p ≤ 0.05, 
##
p ≤ 0.01 and 
###
p ≤ 0.001, denotes 
significant age-related differences between PNV-treated groups at corresponding time-





Figure 3. Quantitative real-time PCR analysis quantified and normalized to endogen 
control (GAPDH). VEGF(A), Flt-1(B) and Flk-1(C) mRNAs expression at time-points 
after PNV (1.7 mg/kg) or 0.9% saline peritoneal injection. 
*
p ≤ 0.05, 
**
p ≤ 0.01 and 
***
p ≤ 
0.001 indicate significant difference relative to controls; 
#
p ≤ 0.05, 
##
p ≤ 0.01 and 
###
p ≤ 
0.001, denotes significant age-related differences between PNV-treated or control group at 







Fig. 4. NeuN labeling in the CA1 subfield of 8-10-week rats 5 hours after i.p. injection of 
saline solution (A) or PNV (B). C: Immunoblots of NeuN in the hippocampus of i.p.-
injected saline or PNV rats at 2, 5 and 24 hours. 
**
p ≤ 0.01 denotes significant decrease of 
the nuclear marker relative to control; # p ≤ 0.05 and ## p ≤ 0.01 denotes significant 
difference in NeuN expression between PNV-treated neonates versus adults at 
corresponding time interval. Student t-test; data were shown as means ± SEM.. Py = 
stratum pyramidale; Or = stratum oriens; Rad = stratum radiatum; * = microvessels with 











Figure 5. Immunoblots of occludin (A), β catenin (B) and laminin (C). PNV i.p. injection 
induced significant decrease of all three proteins at 2 hours for adults, whereas at 5 hours 
for neonates. 
*
p ≤ 0.05; 
**
p ≤ 0.01 and 
***
p ≤ 0.001 denotes significant decreases relative to 
controls; 
##
p ≤ 0.01 and 
###
p ≤ 0.001 indicates PNV-treated neonates with higher increase in 
laminin expression than their adult counterpart at 2 and 5 hours. Student t-test; data are 
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A number of studies have been made to characterize neurovascular changes which follow 
the blood-brain barrier breakdown (BBBb) induced by Phoneutria. nigriventer venom 
(PNV). The vascular endothelial growth factor (VEGF) is an important cytokine which is 
associated with BBBb, but also associated with neuroprotection, angiogenesis and 
regeneration. The upregulation of VEGF has shown therapeutic effects in cerebral ischemia 
in rodents. In this study, we have examined the time-course changes in the expression of 
VEGF and its tyrosine kinase receptors, Flt-1 and Flk-1, in neonate (P14) and adult (8-10 
weeks old) rats’ cerebellum. The expression of BBB proteins, occludin, β-catenin, laminin, 
Purkinje cells (PCs) specific calcium binding protein (calbindin-D28k) and the glutamic 
acid decarboxylase (GAD) 65&67 were also evaluated. PNV increased the PCs reactivity 
and induced Flt-1 and Flk-1 expression in cells located within the molecular and granular 
layers. The VEGF, Flt-1 and Flk-1 expressions were higher in neonates than in adult 
animals, both basally and after envenomation. PNV increased VEGF and Flt-1 in neonates 
and decreased Flt-1 and Flk-1 in adults. VEGF and Flk-1 mRNAS levels were higher in 
adults, while Flt-1 level was higher in neonates. PNV increased VEGF mRNA in neonates 
and adults, while receptors remained unaltered. Calbindin-D28k (CaB) and GAD tended to 
be higher in adults relative to neonates. PNV increased CaB more prominently in adults 
than in neonates; while GAD was increased only in adults. Occludin, β-catenin and laminin 
decreased transiently in neonates, while in adults only occludin and β-catenin were 
decreased under the PNV effect. All the changes were temporary. Altogether, we suggest 
the involvement of VEGF in PNV effects and discuss the results on the basis of the 
intimate and obvious cross-signaling among components of the glio neurovascular unit 
which characterizes the BBB complex. The data suggest that VEGF may contribute to 
neuroprotection via specific VEGF receptors after PNV envenoming and can be 
therapeutically used in the Phoneutria envenomation.  
 







Accidents with venomous animals have been considered a neglected health public 
issue. Accidents caused by Phoneutria nigriventer, popularly known as the armed-spider, 
are common in Southeast Brazil. The majority of them are harmless, only causing pain and 
local inflammation; less than 0.5 %, considered severe, causes neurologic, which includes 
convulsion, respiratory and cardiovascular dysfunction and eventually death [1,2]. The 
mechanism of envenomation is unknown, but probably includes hypoxia secondary to 
respiratory and cardiovascular distress.  
Experimental studies in rats showed that the clinical symptoms of envenomation 
paralleled those of humans. The Phoneutria nigriventer venom (PNV) induces blood-brain 
barrier (BBB) breakdown by increasing vesicular transport [4], upregulation of the P efflux 
glycoprotein and affecting the paracellular pathway through displacement and 
phosphorylation of junctional proteins [5]. Apart from that, the venom induces vasogenic 
edema in hippocampus [6] and cytotoxic edema in rat cerebellum [7], neuroinflammation in 
the two regions [8], and induction of FOS+ neurons in regions associated with stress and 
motor activity [9]. In the cerebellum gray matter, mainly in the granular layer, PNV 
upregulates the water channel aquaporin-4 [10], a protein which regulates edema formation 
and resolution.  
Because VEGF is considered a cytokine which mediates vascular permeability and 
angiogenesis [11], its importance as one potential therapeutic agent has emerged. In 
pathological conditions, including those involving BBB disruption, the increase of VEGF 
positive neurons has been associated with a neuroprotective and neurotrophic mechanism 
[12,13]. The cytokine has been also considered an endogenous anti-convulsan in rodent 
hippocampus to preserve pyramidal neurons from hyperexcitability [14]. VEGF exerts its 
action through the binding and activation of two transmembrane tyrosine kinase receptors: 
VEGFR-1 or Flt-1 [15] and VEGFR-2 or Flk-1 [16]. The receptors, in turn modulate the 
VEGF signals that affect different cellular processes and organism response. When affected 
by noxious stimuli, the tyrosine kinase receptors expression is altered so contributing 
positive or negatively to face the unfavorable circumstance.  
In the light of the above, the current study aimed at determining whether the 
expression of VEGF, Flt-1 and Flk-1 and respective mRNAs of cerebellar neurons is 
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altered in the course of BBB impairment caused by PNV. We also analyzed the expression 
of a marker of Purkinje cells, the calcium-binding protein calbindin-D28k and GAD, 
responsible for the synthesis of GABA. Our hypothesis is that changes in the expression of 
VEGF/Flt-1/Flk-1 system may occur in parallel with BBB opening.  
 
Material and Methods 
 
Animals and envenoming procedure 
 
This study was approved by the institution’s Committee for Ethics in Animal Use 
(CEUA/Unicamp, protocol n
o
. 2403-1). Experiments were carried out according to the 
Brazilian Society of Laboratory Animal Science (SBCAL) guidelines for animal use. Male 
Wistar rats (Rattus norvegicus) were obtained from an established colony maintained by the 
Central Animal House Service at Unicamp (CEMIB/Unicamp) and housed under standard 
laboratory conditions. P14 animals and 8-10 weeks old animals (n = 4-6/age) received a 
single intra-peritoneal (i.p.) injection of PNV (1.7 mg/kg in 0.5 ml of 0.9% sterile saline), 
while to control groups was given the same volume of vehicle [17]. Two, five and 24 hours 
after saline or PNV i.p. administration, the animals were anesthetized with an i.p. injection 
(2 mg/mg body mass) of 3:1 mixture of ketamine chloride (Dopalen, 100 mg.kg
-1
 body 
weight) and xylazine chloride (Anasedan, 10 mg.kg
-1
 body weight) (Vetbrands, Jacarei, SP, 
Brazil) (for immunohistochemistry) or by CO2 inhalation (for western blotting) and the 




At designated time intervals and after anesthesia, the animals were perfused 
transcardially with saline solution followed by 4 % paraformadehyde fixative in 0.1 M 
phosphate buffered saline, pH 7.4 [17]. Antibodies utilized were: anti-VEGF (1:50, mouse 
monoclonal), anti-Flt-1 (1:500, rabbit polyclonal) and anti-Flk-1 (1:50, rabbit polyclonal), 
all from Santa Cruz Biotechnology (Santa Cruz, CA, USA), CaB (1:1000, rabbit 
polyclonal) (Sigma Aldrich, St. Louis, MO, USA) and GAD 65&67 (1:500, rabbit 
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polyclonal) (Millipore, MA, USA). Immunohistochemistry was performed in sequential 
coronal 5 µm thick paraffin sections of the cerebellum (Mendonça et al., 2012). To avoid 
procedure differences between sham and envenomed groups, the immunohistochemistry for 
of each protein (VEGF, Flt-1 or Flk-1) was performed concomitantly. CaB and glutamate 
decarboxylase, also named glutamic acid decarboxylase (GAD) were processed together. 
 
Western blotting (WB) 
 
Standard Western Blot analysis [5] was performed using antibodies specific for 
rabbit polyclonal antibody against Flt-1 (1:500), Flk-1 (1:250), laminin (1:500), CaB 
(1:2000) and GAD 65&67 (1:1000), mouse monoclonal antibody against β-Catenin 
(1:600), VEGF (1:500) (Santa Cruz Biotechnology) and β-actin (1:100) (Sigma Aldrich) 
and goat monoclonal antibody against occludin (1:500) (Santa Cruz Biotechnology). Bands 
were visualized using chemiluminescence reagent (ThermoScientific, CA, USA). For 
quantification, the density of pixels of each band was determined by the NIH Image J 1.45s 
software (available at ftp from zippy.nimh.nih.gov/ or from http://rsb.info.nih.gov/nih-
image; developed by Wayne Rasband, NIH, Bethesda, MD).  For each protein investigated 
the results were confirmed in three sets of experiments and data were normalized using the 
respective loading controls. Values were normalized to the corresponding value for β-actin 
internal control and expressed as a ratio. 
 
RNA isolation and Real-Time Quantitative Reverse Transcription-PCR (qPCR) 
 
Total RNA was isolated from the hippocampus of each group using trizol reagent 
(Life Technologies, Gaithersburg, MD, USA). Primers used in this study and their 
respective assay identification numbers in the Applied Biosystem catalogue were: VEGF: 
Rn01511601_m1, Flt-1: Rn00570815_m1, Flk-1: Rn00564986_m1. The levels of VEGF, 
Flt-1 and Flk-1 mRNA were quantitated relative to amplicon-specific standard curves by 
qPCR using 50 ng total RNA in triplicate and analyzed on an ABI Prism 7500 sequence 
detector, using a TaqMan® Universal Master Mix. The optimal concentrations of cDNA 
and primers, as well as the maximum efficiency of amplification, were obtained by five-
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point, two-fold dilution curve analysis for each gene. Each PCR contained 3.0 ng of 
reverse-transcribed RNA, 200 nM of each specific primer, SYBR SAFE PCR master mix, 
and RNase-free water to a final volume of 20 l. All samples were run in triplicate with 
water as a no-template control and GAPDH as an endogenous control. Real-time data were 




Data were assessed by a three-way ANOVA to compare the variables: treatment 
(control and PNV), age (P14 and 8-10 weeks) and time (2, 5, and 24 hours). Groups’ 
comparison was done using unpaired Student's t-test. The results were expressed as the 






Although weak, Purkinje cells (PCs) showed anti-VEGF, anti-Flt-1 and anti-Flk-1 
immunoreactivity in control rats; PNV increased the PCs reactivity and induced Flt-1 and 
Flk-1 expression in cells located within the molecular and granular layers. 
 
In the cerebellum of P14 and adult control rats, VEGF immunolabeling was 
detected in the majority of Purkinje cells (PCs). The immunostaining was very light in the 
perikaryum and in some PCs anti-VEGF was seen in the periphery of the cell; the nucleus 
was negative for the protein. Cells in the molecular (ML) and granular layer (GL) were 
unstained (Fig. 1A). PNV-administered animals revealed a marked expression of VEGF in 
the somata of PCs, which was strongest in the marginal cytoplasm (Fig. 1B) at all times 
after envenoming. The labeling pattern was much alike throughout the time; however the 
intensity of the reaction was lightly strongest at 24 hours.  In addition, delicate VEGF+ 




In the cerebellum of sham controls, the anti-Flt-1 reactivity was seen in the PCs 
nucleus and perikaryum or either only in the peripheral perikaryum (Fig. 1C). PNV 
increased anti-Flt-1 immunolabeling at all times in cells throughout the cerebellar cortex 
such as in the PCs’ nuclei and somata, in nuclei within the granular and molecular layers 
and in straight-lined processes present in the molecular layer (Fig. 1D). In the cerebellum of 
controls, anti-Flk-1 labeling of PCs was faint and a number of PCs were unlabeled; there 
were Flk-1+ nuclei in the ML (Fig. 1E). PNV increased Flk-1 labeling in PCs and nuclei 
within the ML and GL, but the increase is not as intense as for Flt-1 (Fig. 1F). Flt-1 and 
Flk-1 staining increased with time (not shown) but visually no obvious difference in the 
intensity of the labeling could be perceived between P14 and adults. 
 
Western blotting and Real-time quantitative PCR 
 
The VEGF, Flt-1 and Flk-1 expressions were higher in neonates than in adult animals, 
both basally and after envenomation. PNV increased VEGF and Flt-1 in neonates and 
decreased Flt-1 and Flk-1 in adults. All the changes were temporary.  
VEGF and Flk-1 mRNAS levels are higher in adults, while Flt-1 level is higher in neonates. 
PNV increased VEGF mRNA in neonates and adults, while receptors remained unaltered. 
 
The graph bars obtained by calculation of the optical density ratio of cerebellar 
VEGF (45 kDa), Flt-1 (~165-170 kDa) and Flk-1 (~170-175 kDa) immunoblots at 2, 5 and 
24 hours after saline or PNV administration were displayed in Figure 2. Throughout the 
time interval examined, VEGF, Flt-1 and Flk-1 expressions were higher in neonates than in 
adults, both controls and envenomed (
#
p ≤ 0.05; 
##
p ≤ 0.01; 
###
p ≤ 0.001; see Figs. 2A to 
2F). Exception was found for Flk-1 mRNA which showed adults, sham and envenomed, 
presenting higher levels than neonates at all three time-points 
PNV induced an 18.5% increase of VEGF expression in P14 animals at 5 hours 
(**p ≤ 0.01), while just a tendency to decrease followed by a trend to increase in adults 
(Fig. 1A). VEGF mRNA content was quite the same in control and envenomed neonates 
and adults (Fig. 2B), except at 5 and 24 hours when there was a two-fold increase for 
neonates (**p ≤ 0.01) and a 18.6% increase for adults (***p ≤ 0.001).  
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In relation to VEGF receptors, PNV caused immediate increase of Flt-1 level in P14 
rats (2 hours, 49.9 %, **p ≤ 0.01; 5 hours, 13.7%, *p ≤ 0.05; 24 hours, 11%, *p ≤ 0.05) 
(Fig. 2C) while promoted decrease in adult rats (2 hours, 25.1%, *p ≤ 0.05, 5 hours, 92.8%, 
**p ≤ 0.01) followed by recover to baseline at 24 hours. In neonates and adults, Flt-1 
mRNA expression was unaffected by PNV exposure (Fig. 2D).  
PNV did not alter the expression of the Flk- and it’s mRNA in neonates (Fig. 2E), 
while increased Flk-1 expression in adults at 5 hours (*p ≤ 0.05).  
The three-way analysis of variance showed that variables treatment vs. age vs. time 
influenced the VEGF mRNA expression (*p ≤ 0.05) and Flt-1 receptor expression (*p ≤ 
0.05). In addition, there was interaction treatment vs. age for Flt-1 receptor (***p ≤ 0.001) 
and treatment vs. time for VEGF (*p ≤ 0.05). 
 
Calbindin-D28K (CaB) and GAD: CaB and GAD tended to be higher in adults relative to 
neonates. PNV increased CaB more prominently in adults than in neonates; while GAD 
was increased only in adults. 
 
In control animals, the Purkinje cell-specific calcium-binding protein, Calbindin-
D28k was expressed in the cytosol and dendritic tree of PCs (Fig. 3A). Following PNV 
injection CaB labeling was stronger in particular in PC dendrites extending across the ML 
(Fig. 3B). The distribution of CaB immunoreactivity in the cerebellar cortex was similar 
between adults and neonates, although it was stronger in neonate animals compared to 
adults (not shown).  
Western blot analyses confirmed that at 2 hours post-saline or PNV exposure and at 
24 hours post-PNV (
##
p ≤ 0.01) exposure CaB production in neonates surpassed the found 
in adults (Fig. 3C). PNV administration induced significant upregulation of the protein at 
24 hours in neonate animals (*p≤ 0.05) and at 5 hours in adults (***p≤ 0.001) (Fig. 3C).  
The three-way analysis of variance showed that the variables treatment vs. age vs. time 
influenced CaB expression (**p ≤ 0.01).  
 To investigate whether gamma-amino butyric acid (GABA) signaling was altered 
in PNV administered rats, the expression of the enzyme responsible for its synthesis, GAD 
was evaluated. Anti-GAD labeling greatly resembles anti-calbindin. PCs of controls 
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showed weak reactivity while PNV increased staining of PCs somata and nuclei and 
noticeably their dendrites (Fig. 3E and 3F). 
Immunoblots showed that the GAD protein expression of treated P14 rats was ~10% 
upregulated at 2 hours (***p≤ 0.001) and remained practically unchanged thereafter (Fig. 
3G).  In adult rats exposed to PNV, GAD remained unchanged compared to baselines 
values (Fig. 3H). There was age-related difference at 24 hours with neonate’s GAD 
expression surpassing that of adults (
##
p ≤ 0.01). The three way analysis of variance showed 
that there was interaction only between treatment vs. age (***p ≤0.001).  
 
Occludin, β-catenin and laminin: PNV decreased transiently all the three proteins in 
neonates, while in adults only occludin and β-catenin were decreased 
 
Herein, all the three BBB-associated proteins, occludin from tight junction, β-
catenin from adhesion junction and laminin from the basal membrane were downregulated 
by 35.6%, 35.4% and 36.4%, respectively at 2 hours (*p ≤ 0.05) after venom exposure in 
neonate animals. Moreover, PNV induced a 33.1 % decrease of occludin at 2 hours (*p ≤ 
0.05) and 23.4% at 24 hours (**p ≤ 0.01) and a 60.4% decrease of β-catenin at 2 hours (**p 
≤ 0.01) in adults and did not affect laminin (Figs. 4A-4C). The changes were transitory and 
at 5 and 24 hours the protein expression tended to baseline in animals of both ages. 
Age-related comparisons showed occludin and β-catenin basal expressions lower in 
neonates at 2 hours after saline injection relative to adults (
#
p ≤ 0.05). Moreover, baseline 
expression of laminin was lower in neonates at 5 hours (
#
p ≤ 0.05) and higher at 24 hours 
(
##
p ≤ 0.01) compared to adults. Occludin expression in P14 treated with PNV was lower 
than adults after PNV injection (
#






Our findings showed that a single i.p. injection of Phoneutria nigriventer venom in 
neonate rats induced a marked significant increase in Flt-1 expression (~50% at 2 h after 
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venom exposure), followed by gradual attenuation of further increases (just ~14% at 5 h 
and 11% at 24 hours above baseline). Coordinated upregulations of VEGF (18.5%) and 
VEGF mRNA (105%) and a trend for Flt-1 mRNA increase also took place at 5 h post-
PNV exposure. The findings allow inferring that cerebellar VEGF and R1 receptor (Flt-1) 
of 14 days post-natal life rats are responsive to PNV-containing neuropeptides. Also, they 
indicate that endogenous signaling mechanisms activate transcription factors and promote 
proteins translational regulation in newborn rats upon systemic presence of PNV. However, 
the low correlation between mRNA expression and the level of proteins produced suggests 
differences related to downstream regulators of the transcription and translational events 
elicited by PNV. Such differences are not uncommon, since the two events involve 
mechanisms of high complexity. In pathological conditions, transcription and translation 
can be regulated by divergent mechanisms, such as transcription factors proteins and 
noncoding RNA species (miRNAs, for instance) which act as translational repressors. As 
result, either the quantity of protein translated from a given RNA can be high without 
changing the quantity of RNA, or great level of mRNA can be expressed without 
equivalent protein production, or even there occurs post-translational degradation of 
proteins, all of such examples resulting in protein vs. mRNA low correlation [18, 19]. 
Future studies are needed to investigate signaling pathways involved in the transcriptional 
and translational regulation of VEGF and Flt-1 in the cerebellum in response to PNV 
intoxication. 
The above mentioned alterations involving the VEGF-Flt-1 binding in neonates 
were concurrent with prominent decreases of the proteins associated to BBB endothelium, 
occludin, β-catenin and laminin. The data corroborates previous studies demonstrating 
BBB permeation induced by P. nigriventer venom [4,5,6,7]. Herein, the time course data 
over a period of 2 hours to 24 hours revealed that expressional decreases of those TJ, AJ 
and basement membrane proteins at 2 hours was simultaneous with the peak of Flt-1 
upregulation (50%) but preceded the PNV-induced significant increases of VEGF and 
VEGF mRNA, which occurred later at 5 hours post-PNV. Also, at 5 hours, occludin, β-
catenin and laminin levels recovered markedly relative to corresponding sham levels but a 
non-significant bi-phasic drop occurred at 24 hours, which paralleled with Flt-1 level 
significantly above baseline, although declined in potency (~10%). Such data discloses 
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what seems to be a coordinated sequence of molecular events, which began with the BBB 
breakdown, and proceeded with increases of Flt-1, VEGF and VEGF mRNA. The transient 
disturbance of BBB junctional proteins may result from the fact that VEGF receptors once 
activated trigger signals directed to endothelial cells [20], to accentuate permeability 
[21,22,23], or either to restore homeostasis. The homeostasis seems to be the case since 
maximum BBB permeability (2 hours) coincided with VEGF downregulation. 
Apart from WB data, VEGF, Flt-1 and Flk-1 protein expressions were also detected 
by immunohistochemistry. The three proteins were found constitutively present in Purkinje 
neurons and their dendritic processes extended across the ML in sham animals. The 
exposure to PNV induced visible increases in the anti-VEGF, anti-Flt-1 and anti-Flk-1 
immunoreactivity over a period of 2 to 24 hours; interestingly, PNV also induced Flt-1 and 
Flk-1 reactivity by isolated cells in the GL and ML which were not detected in sham 
neonates. We not know whether such cells are astrocytes or neurons. However studies have 
shown that VEGF and Flk-1 can be expressed by granule neurons during post-natal 
development of cerebellum [24,25,26] and by astrocytes under pathological conditions 
[27,28,29,30]. Astrocytes also express Flt-1, but there is no mention in literature on the Flt-
1 expression by cerebellar granular cells. Since the cerebellar ML is characterized by 
extensive synaptic contacts between granule neurons, interneuron, Begmann glia and 
Purkinje neurons [31] it is highly conceivable activation of all and each of the cells by 
exogenous stimulus. The induction of VEGF, Flt-1 and Flk-1 in neurons and probably in 
astrocytes supports previous evidences on the participation of these cells in the biological 
phenomena that involves BBB dysfunction by PNV [4-10,17].   
This is not surprising since endothelial cells and its basement membrane are not the 
sole physical components of the BBB. Together with astrocytes, pericytes, microglia and 
neurons, they form a functional unit, the so-called neurovascular unit (NVu), which in 
concert induces, maintain and control BBB physiology [32,33]. The close proximity of 
NVu components require paracrine transference of signals [34] and a fine tune adjustment 
to alterations brought about from outside (blood stream) or endogenously generated (for 
review see [35]). Herein, PNV effect on PCs, besides the upregulation of VEGF and 
receptors, was also demonstrated through the expression of its specific marker CaB. PNV 
promoted increased immunoreactivity in PCs perikaryum and dendritic ramification, which 
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was confirmed by the WB data showing the upregulation of the protein 24 hours post-PNV 
treatment. A yet poorly explored role of VEGF is related with alteration of neuronal wiring 
[25], which is intimately related with vascular and astrocyte function [36], as seen in 
pathologies such astrogliomas, ependymomas, Alzheimer and Parkinson disease 
[29,30,37,38]. Because PCs are the only output cell of the cerebellar cortex, they are key 
protagonists in normal physiology of the cerebellum. Disturbances in calcium homeostasis 
caused by Ca
2+
 voltage-gated channels blocking fraction contained in PNV [39] inhibits 
glutamate release, calcium uptake and also glutamate uptake in synaptosomes [40,41,42]. 
Suggestively, the expressional change of the calcium buffer CaB seen in the current study 
might be induced by such component of PNV. We suggest that circulating PNV may 
promote perturbations to components of NVu, particularly the PCs, which might involve 
glutamate handling. 
In line with this, PNV induced immediate, but transient, increase of the GAD 
expression in neonate rats, while in adults it was unaffected. The two isoforms of GAD 
catalyze the decarboxylation of glutamate to the inhibitory neurotransmitter, gamma-
aminobutyric acid (GABA). GABAergic system signaling has been strongly linked to 
various emotional states and stress responses [43] supporting the view that neonates were 
more susceptible than adults to PNV. Synaptic inhibition is vital for the control of neuron 
excitability in the CNS and a dynamic mechanism to restore brain homeostasis, when 
disturbed by neurotoxic peptides. 
VEGF is a cytokine which has been originally described as vascular permeability 
inducer that promotes vascular leakage; its role as a regulator of angiogenesis and promoter 
of migration and invasion of neoplastic cells has been also well documented [44]. Future 
studies are needed to determine the mechanisms underlying the homeostatic perturbations 
caused by P. nigriventer venom and the involvement of Purkinje cells. Despite, the findings 
give strong evidence that VEGF/Flt-1 coupling could be potentially involved as mediators 






Curiously, in contrast to neonates, PNV induced time-crescent decreases of Flt-1 in 
adult rats which achieved ~93% downregulation at 5 hours, but showed a great recover 
capacity given it was a little above baseline at 24 hours. Consistent with this, at the same 24 
hours post-PNV VEGF mRNA was significantly increased (18.6%) and Flt-1 mRNA 
showed a trend to increase (non-significantly, 10%). 
Cerebellar Flk-1 induction occurred just for adults (~37%) and only at 5 hours after 
PNV exposure. Five hours’ time seems to be critical since both in newborns and adult rats 
the major up or downregulation occurred. This period coincides with beginning of the 
animal recovery from neurotoxic manifestations. In fact, we found BBB impairment at 5 
hours after PNV exposure, as shown by the significant decrease of occludin, β-catenin and 
laminin expressions, and concomitant with the increase of CaB expression. In the adult rats 
there was not correspondence between the protein and mRNAs levels.  
 
Neonates versus Adults 
 
      VEGF, Flt-1, Flk-1, CaB, GAD and laminin expressions, both physiological and 
post-envenomation were more often higher in neonates than in adults, while occludin and 
β-catenin were higher in adults than in neonates. Studies have shown that post-natal 
cerebellum development continues during months after birth [45]. Therefore, it requires 
active angiogenesis, neurogenesis and cell migration that are regulated by angiogenic 
growth factors, among which VEGF and receptors [11,14]. Adult’s cerebellum lower 
expression of VEGF and receptors here found correlates with the reported very discrete, or 
switched off angiogenesis, neurogenesis and cell migration that occur in physiological 
conditions. Likewise, the lower expression of VEGF and receptors in envenomed adults 
relative to neonates’ correlates with BBB development and function which is expected to 
be fully achieved in adults. In contrast, BBB is immature in suckling rats undergoing post-
natal cerebellum development [46]. This could be an explanation as to why neonate’s 
junctional proteins were disturbed earlier (2 hours) in P14 than in P32-40 rats (5 hours). 
Also, could explain why systemic PNV increases even more the expression of vascular 
growth factor and its mRNA (at 5 hours) and receptors Flt-1 (from 2 to 24 hours) for 
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neonates and transiently decreases Flt-1 expression, does not alter VEGF and increase 




       If we part from the principle that every action has an equal and opposite reaction, 
we suggest that either the increase in the production of VEGF/VEGF mRNA and receptor 
Flt-1 in neonate rats or the decrease of VEGF in adults would have a neuroprotective 
purpose against the harmful PNV effect. Studies using VEGF antagonists are needed to 
verify if PNV exacerbates or attenuates the clinical manifestation of intoxication and 
whether aggravates or either preserves BBB structure.  
The bulk of studies related with VEGF refer to its action through the Flk-1 binding. 
An interesting point to be further explored is why the Flt-1 receptor is the main target of 
PNV including in adults, given this receptor normally is known to be typically expressed 




 Our previous studies have shown that the venom of Phoneutria nigriventer induces 
changes in endothelial, astrocytes and neurons of the glio-neurovascular unit located at the 
BBB. All the three cell types also express VEGF [30,48] and receptors. Here, we 
demonstrated that rats injected with PNV have the expression of the proteins and its mRNA 
altered. The alterations differed between neonate (P14) and adult (P32-P40) rats. The most 
noticeable changes occurred for the PCs. Other cells which were located within the GL and 
ML and expressed VEGF and receptors after venom exposure could be astrocytes, 
endothelial cells or neurons, or all of them, suggesting these cells as components of the 
glio-NVu might participate in the cerebellum response to PNV. Collectivelly, the findings 
suggest that VEGF/Flt-1/Flk-1 system might participate in the endogenous signaling 
pathways evoked by PNV in the cerebellum. Further studies are needed to prove if this 
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Fig.1. Photomicrographs of cerebellar cortex of rats aged 8-10 weeks 24 h after 
administration of saline solution (A, C, E) or Phoneutria nigriventer venom (PNV) (B, D, 
F). PNV increased VEGF (B), Flt-1 (D) and Flk-1 (F) labeling. ML = molecular layer; PC 
= Purkinje cells, GL = granular layer. Arrows point Purkinje cells positive for VEGF, Flt-1 
and Flk-1; triangles show scattered labeled nuclei inside the molecular layer. Bars = 25 µm 






Fig. 2. VEGF (A), Flt-1(C) and Flk-1(E) graph representation of western blot signals after 
densitometric measurement and normalization to internal β-actin, and respective  mRNAs 
normalized to GAPDH (B), (D) and (F) at time points after PNV (1.7 mg/kg) or 0.9% 
saline peritoneal injection.  Data are means ± SEM. 
*
p ≤ 0.05, 
**
p ≤ 0.01, 
***
p ≤ 0.001 in 
relation to controls; 
#
p ≤ 0.05, 
##
p ≤ 0.01, 
###
p ≤ 0.001 in relation to corresponding adults at 







Fig. 3. CaB and GAD in the cerebellar cortex of rats aged 14 days after i.p. injection of 
saline solution (A, C, E) or PNV (B, D, F). A and B: shows CaB labeling (24 h after saline 
or PNV exposure, respectively) in Purkinje cell bodies, including nuclei (arrows) and 
processes crossing the molecular layer (ML). C and D: Immunoblots and representative 
histogram of the densitometric Calbindin-D28k values of rats injected with saline (a) or 
PNV (c) at different time points. E and F: GAD labeling in Purkinje cell bodies and cell 
processes within the molecular layer (arrow). The physiologic GAD labeling is weak in 
controls (E) whereas is strong in envenomed animals (F). G and H: Immunoblots and 
representative histogram of the densitometric  GAD values of rats injected with saline (e) or 
PNV (g) at different time points (n = 6/time). The membranes were stripped and reprobed 
to β-actin, confirming equal protein loading in the gel (b, d, f, h). Values are mean ± SEM; 
unpaired Student t-test. *p ≤ 0.05; **p ≤ 0.01; ***p ≤ 0.001 compared to control at each 
time point; 
#
p ≤ 0.05; 
##
p ≤ 0.01; 
###
p ≤ 0.001 compared to corresponding adults at same 
time interval. p = pia mater; PC = Purkinje cells; ML = Molecular layer; GL = Granular 






Fig. 4. Immunoblots of Occludin (A), β-Catenin (B) and Laminin (C) showed much lower 
expression of the proteins in the cerebellum of envenomed animals than in control. Data are 
means ± SEM; *p ≤ 0.05; **p ≤ 0.01 ***p ≤ 0.001 relative to controls; 
#
p ≤ 0.05; 
##
p ≤ 0.01 








































































Com base nos resultados obtidos neste trabalho e confrontados com resultados 
anteriormente obtidos e com a literatura concluímos que:  
 
● Componentes presentes no veneno da aranha Phoneutria nigriventer alteram a expressão 
de proteínas dos componentes da unidade neurovascular glial que compõe a barreira 
hematoencefálica (BHE): endotélio, neurônios e astrócitos. De fato, ocorrem alterações na 
expressão do VEGF e de seus receptores em neurônios e possivelmente astrócitos, de NeuN 
(“neuron nuclear antigen”) em neurônios e das proteínas juncionais (Ocludina e β-
catenina) e da lâmina basal (Laminina) do endotélio.  
 
● As alterações ocorrem de forma dinâmica e auto-limitante, isto é, as alterações são 
transitórias. O período de 5 horas após a administração do veneno parece ser crítico nas 
respostas dos animais.  
 
● A dinâmica em que se desenvolvem as alterações na expressão das proteínas difere no 
tempo após o envenenamento, entre regiões do sistema nervoso central (hipocampo ou 
cerebelo) e em função da idade dos animais (neonatos e adultos). De fato, as variáveis 
“tempo após envenenamento” e “idade” tem papel sobre a dinâmica das alterações que 
ocorrem no hipocampo e cerebelo, como demonstrado pela análise ANOVA de três vias.  
 
● No hipocampo, o aumento da expressão do receptor Flt-1 mostrado pela 
imunohistoquímica foi maior nos neurônios piramidais da região DG do que nas regiões 
CA3 e CA1, que por sua vez foram maiores que em CA2, sendo que nos animais adultos o 
aumento foi mais expressivo que nos neonatos (P14). Os dados sugerem que o VEGF faz 
parte das vias de sinalização da intoxicação pelo veneno de P. nigriventer através da 
mediação do receptor Flt-1. A região do giro denteado está relacionada a eventos 
epileptogênicos, um dos sintomas mostrados no envenenamento grave pela aranha 
armadeira. Os dados revelam que sub-regiões do hipocampo são afetadas diferencialmente 
sugerindo relações diferenciais entre os componentes da unidade neurovascular glial e 
diferenças intra-regionais da funcionalidade da BHE.  
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● As diferenças intra-regionais supostamente se anulam, uma vez que a análise por western 
blotting das proteínas investigadas mostra que as alterações são mais proeminentes nos 
animais de 14 dias do que nos adultos, fato corroborado pelos sinais excitótóxicos serem 
mais agudos e intensos nos P14. Os sinais excitotóxicos nos animais provavelmente 
resultam da interferência na neurotransmissão e no metabolismo do glutamato, uma vez 
que componentes do veneno da aranha P. nigriventer bloqueiam canais de potássio e 
cálcio e atrasam a inativação de canais de sódio. O VEGF e os domínios intracelulares 
tirosina-quinase de Flt-1 e Flk-1 podem desempenhar um papel na ativação de 
mecanismos endógenos que visam diminuir a excitabilidade neuronal vistas nas 
manifestações neurotóxicas elicitadas pelo veneno da aranha armadeira.  
 
● No cerebelo, as células de Purkinje parecem ser alvo preferencial para o veneno de P. 
nigriventer, fato comprovado pelo aumento da proteína de ligação do Cálcio nos animais 
envenenados e pela imunorreatividade aumentada nas células.  
 
● Em conjunto os dados sugerem que a perda de homeostase causada pelo veneno da 
aranha Phoneutria nigriventer pode ter vias de sinalização associadas à expressão do 
VEGF e seus receptores tirosina-quinase provavelmente visando a neuroproteção do 
tecido nervoso central. Os componentes da unidade neurovascular glial intrinsicamente 
ligados à funcionalidade da Barreira Hematoencefálica são alvo do veneno. O estudo 
abre perspectivas potenciais de uso terapêutico do sistema VEGF/Flt-1/Flk-1 no 
envenenamento grave. Várias questões permanecem em aberto e estudos futuros serão 
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